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(g) Hydroquinone derivatives and intermediates for production thereof. 

(57) There are disclosed novel hydroquinone derivatives of the formulas : 
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OR 3 X 



(I) (II) 

3 The derivatives of the formula (I) have various pharmacological activities such as antioxidation in 

living bodies and are useful as medicaments, and the derivatives of the formula (II) are intermediates for 
g the production thereof. 
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FIELD OF THE INVENTION 

The present invention relates to novel hydroquinone derivatives which have various pharmacological ac- 
tivities such as antioxidation in living bodies and are useful as medicaments, and intermediates for the pro- 
duction thereof. 

BACKGROUND OF THE INVENTION 

The present inventors have studied the chemical modification of hydroquinone compounds which can read- 
ily be obtained from quinone compounds in order to solubilize in water various biologically active quinone com- 
pounds useful as medicaments, to convert them into prodrugs or to find novel pharmacological activities of 
these derivatives themselves. 

However, in general, it is difficult to chemically modify the hydroxy group of hydroquinone compounds re- 
gioselectively at any desired site. Thus, means to synthesize their various derivatives regioselectively is re- 
quired. 

OBJECTS OF THE INVENTION 

Under these circumstances, the present inventors have intensively studied the regioselective introduction 
of a protecting group into the hydroxy! group of hydroquinone derivatives, selected silyl derivatives as a pro- 
tecting group which can be removed under mild conditions and examined the utilization of various silylating 
agents in consideration of the steric hindrance between reaction substrates and silyl groups to be introduced. 
As a result, it has been found that (1) tert-butyldiphenytsiiyi group is introduced into the less hindered hydroxy! 
group of hydroquinone derivatives with high selectivity, and (2) by using compounds obtained by introducing 
an appropriate protecting group into the compounds or free hydroxyl group of the compounds followed by re- 
moval of the tert-butyl-di phenyl silyl group, any desired hydroxyl group of hydroquinone derivatives can be 
chemically-modified regio-selectively. Thus, the present invention has been completed. 

One object of the present invention is to provide novel hydroquinone derivatives useful as medicaments 
wherein any desired hydroxyl in the benzene ring is chemically modified regioselectively. 

Another object of the present invention is to provide novel hydroquinone compounds wherein the hydroxyl 
at the 4-position is protected regioselectively, which are useful as intermediates for the production of the above 
hydroquinone derivatives. 

These objects as well as other objects and advantages of the present invention will become apparent to 
those skilled in the art from the following description. 

SUMMARY OF THE INVENTION 

According to the present invention, there are provided: 
(1) A hydroquinone derivative of the formula (I): 



wherein R 1 and R 2 are the same or different and are methyl or methoxy, or R 1 and R 2 are joined together 
to form the group of the formula: -CH=CH-CH=CH-; one of A and B is optionally substituted alkyl, acyl, 
alkoxycarbonyl, optionally O-acylated and/or optionally esterified glycosyl, sulfo or phosphono, and the 
other is hydrogen; X is hydrogen, aryl or heterocyclic group; R is saturated or unsaturated bivalent straight- 
chain hydrocarbon group having 1 to 20 carbon atoms or a chemical bond, provided that, when X is hy- 
drogen, R is a saturated or unsaturated bivalent straight-chain hydrocarbon group having 1 to 20 carbon 
atoms; and Y is hydrogen, optionally esterified or optionally amidated carboxyl or optionally substituted hy- 
droxymethyJ, provided that, when X is hydrogen and one of A and B is sulfo, Y is hydrogen and, when X 
is hydrogen and one of A and B is optionally O-acylated and/or optionally esterified glycosyl, Y is hydrogen 
or optionally substituted hydroxymethyl ; and a pharmaceutical ly acceptable salt, and 
(2) A compound of the formula (II): 
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0Si(Ph) 2 (t-Bu) 



CH-R-Y 



(n) 



wherein R 1 and R 2 are the same or different and are hydrogen, methyl or methoxy, or R 1 and R 2 are joined 
together to form the group of the formula: -CH=CH-CH=CH-; R 3 is hydrogen or a protecting group other 
than silyl; X is hydrogen, aryi or heterocyclic group; R is a saturated or unsaturated bivalent straight-chain 
hydrocarbon group having 1 to 20 carbon atoms or a chemical bond; Y is hydrogen, optionally substituted 
hydroxy methyl or optionally esterified or optionally amidated carboxyl; Ph is phenyl; t-Bu is tert-butyl. 
As examples of the optionally substituted alkyl represented by A or B in the above formulas (l}and (II), 

there are lower alkyl having 1 to 4 carbon atoms such as methyl, ethyl, propyl, butyl or the like; carboxymethyi; 

pyridyl methyl; and benzyl. 

Examples of the acyl represented by A or B include aliphatic acyl having 1 to 4 carbon atoms such asformyl, 
acetyl, propionyf or butyryl; aromatic acyl such as benzoyl, picolinoyl, nicotinoyl, isonicotinoyt or the like; glycyt; 
P-aspartyl; y-glutamyl and 3-carboxypropionyl. 

Examples of the alkoxycarbonyl include alkoxycarbonyls having 2 to 5 carbon atoms such as methoxy- 
carbonyl, ethoxycarbonyl, isopropoxycarbonyl, isobutoxycarbonyl, t-butoxycarbonyl or the like. 

Examples of the glycosyi represented by A or B include glucosyl, rhamnosyl, sucrosyl, glucuronosyl and 
the like. When the hydroxy of these saccharides is O-acylated, examples of the acyl include aliphatic acyl such 
as acetyl; and aromatic acyl such as benzoyl, p-methyl benzoyl and nicotinoyl. When the carboxy of the sac- 
charide residues is esterified, alkyl esters are preferred. Examples of the alkyl include that having 1 to 4 carbon 
atoms such as methyl, ethyl, propyl or butyl. 

Examples of the aryi represented by X include phenyl, naphthyl and the like. The aryl may have one or 
more substituents at any position on the ring. Examples of the substituent include alkyl having 1 to 3 carbon 
atoms such as methyl, ethyl or the like; alkoxy having 1 to 3 carbon atoms such as methoxy, ethoxy or the 
like; halogen atoms such as chlorine, fluorine, bromine or the like; and the like. 

As examples of the heterocyclic group represented by X, there are 5 or 6 membered rings containing, as 
an atom constituting the ring, one or more hetero atoms selected from oxygen, sulfur and nitrogen. Examples 
of the heterocyclic group include aromatic heterocyclic groups such as thienyl, furyl, pyridyl, thiazolyl, imida- 
zole, triazolyl, tetrazolyl or the like; saturated heterocyclic groups such as morpholino, thiomorpholino, piper- 
idino, pyrrolidino, piperazino or the like. These groups may have one or more substituents at any position on 
the ring. Examples of the substituent include alkyl having 1 to 3 carbon atoms such as methyl, ethyl or the 
like; alkoxy having 1 to 3 carbon atoms such as methoxy, ethoxy or the like; halogen atoms such as chlorine, 
fluorine, bromine or the like; and the like. 

As examples of the optionally substituted hydroxymethyl represented by Y, there are unsubstituted hydrox- 
ymethyl, methoxymethyloxymethyl, acetoxymethyl, nitroxymethyl, aminocarbonyloxymethyl, substituted ami- 
nocarbonyloxymethyl (e.g., methylaminocarbonyloxymethyl, ethylaminocarbonyloxymethyl, dimethylamino- 
carbonyloxymethyl, phenylaminocarbonyloxymethyl, etc.), cyclic aminocarbonyloxymethyl (e.g., morpholino- 
carbonyioxymethyl, piperidinocarbonyloxymethyl, etc.) and the like. 

Examples of the optionally esterified carboxyl represented by Y include alkoxycarbonyl having 2 to 5 car- 
bon atoms such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl or the like; aryloxy- 
carbonyl having 7 to 8 carbon atoms such as phenoxycarbonyl or the like. 

The optionally amidated carboxyl represented by Y may be substituted aminocarbonyl whose amino group 
is substituted or may be cyclic aminocarbonyl. As examples of the substituent of the amino group of the sub- 
stituted aminocarbonyl, there are alkyl having 1 to 4 carbon atoms such as methyl, ethyl, propyl, butyl or the 
like; aryl having 6 to 10 carbon atoms such as phenyl, naphthyl or the like (these may further have one or 
more substituents such as hydroxy!, amino, nitro, halogen, methyl, methoxy or the like at any position on the 
ring); hydroxyl and the like. Examples of the amidated carboxyl include aminocarbonyl, mono- or dialkylami- 
nocarbonyl having 2 to 4 carbon atoms (e.g., methylaminocarbonyl, ethylaminocarbonyl, isopropylaminocar- 
bonyl, dimethylaminocarbonyl, etc.), phenylaminocarbonyl, substituted phenylaminocarbonyl (e.g., p-hydrox- 
yphenylaminocarbonyl, p-methoxyphenylaminocarbonyl, m-chlorophenylaminocarbonyl, etc.),diphenylamino- 
carbonyl, hydroxyaminocarbonyl, N-hydroxy-N-methylaminocarbonyl, N- hydroxy- N-phenylaminocarbonyl and 
the like. Examples of the cyclic aminocarbonyl include morpholinocarbonyl, thiomorpholinocarbonyl, piperidi- 
nocarbonyl or the like. 

As examples of the saturated or unsaturated bivalent straight-chain hydrocarbon group having 1 to 20 car- 
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bon atoms represented by R, there are pentamethylene, hexamethylene, heptamethylene, octamethylene, 
deca-1,6-diynylene or the like. 

The protecting group of hydroxy other than silyl represented by R 3 in the formula (II) is not specifically 
limited so long as it has reactivities different from those of silyl, and there can be used any protecting group 
generally used in the field of organic synthesis. Examples thereof include lower aliphatic acyl such as acetyl, 
propionyl or butyryl; aromatic acyl such as benzoyl or nicotinoyi; lower alkoxymethyt such as tetrahydropyranyl, 
methoxymethyl, ethoxyethyl, methoxyethoxymethyl or the like; lower alkylthiomethyl such as methylthiome- 
thyl; arylmethyl such as trityl and the like. 

As examples of the pharmaceutically acceptable salt of the compound of the formula (I), there are salts 
with alkaline metal such as sodium, potassium or the like; salts with aluminum; salts with zinc; salts with am- 
monium; and salts with organic amines. 

Both R 1 and R 2 in the formula (I) are preferably methyl or both are preferably methoxy. One of A and B in 
the formula (I) is preferably phosphono, acyl, suifo, or optionally O-acylated and/or optionally esterif ied glyco- 
syl. X in the formula (I) is preferably hydrogen or optionally substituted phenyl. R in the formula (I) is preferably 
a saturated or unsaturated bivalent straight-chain hydrocarbon group having 5 to 8 carbon atoms. Y in the for- 
mula (I) is preferably hydroxymethyl, or optionally esterif ied or optionally amidated carboxyl. 

In particular, the compounds of the formula (I) wherein both R 1 and R 2 are methyl, X is phenyl, and Y is 
an optionally esterif ied or optionally amidated carboxyl, preferably unsubstituted carboxyl; and wherein both 
R 1 and R 2 are methoxy, X is hydrogen, and Y is an optionally substituted hydroxymethyl, preferably unsubsti- 
tuted hydroxymethyl are preferable. 

Preferred examples of the compound of the formula (I) include: 
2,3-Dimethoxy-4-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl-1-phosphate; 
2,3-Dimethoxy-4-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl-4-phosphate; 
2,3-Dimethoxy-4-hydroxy-6-(10^hydrox^ 
benzene; 

6-(6-Carboxy-1- phenyl hexyl)-4-hydroxy-2,3,5-tri^ 

6-(6-Carboxy-1-phenylhexyl)-1-hydroxy-2,3,5-trimethylphenyl-4-sulfate; and 
6-(6-Carboxy-1-phenylhexyl)-1-hydroxy-2,3,5-m'methylphenyl-4-0-p-D-glucopyranosiduronate 
R 1 and R 2 in the formula (II) are preferably methyl or methoxy. X in the formula (II) is preferably hydrogen 
or optionally substituted phenyl. R in the formula (II) is preferably a saturated or unsaturated bivalent straight- 
chain hydrocarbon group having 5 to 8 carbon atoms. Y in the formula (II) is preferably hydroxymethyl, or op- 
tionally esterif ied or optionally amidated carboxyl. 

In particular, the compound of the formula (II) wherein both R 1 and R 2 are methyl, X is phenyl, and Y is 
optionally esterif ied or optionally amidated carboxyl is preferable. 
Preferred examples of the compound of the formula (II) include: 
6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol; 
4-tert-Butyldiphenylsilyloxy-2,3-dimethoxy-5-methyl-6-(10-trityloxydecyl)phenol; and 
4-tert-Butyldiphenylsilyloxy-1-hydroxy-6-(6-methoxycarbonyl-1-phenylhexyl>-2,3,5-trimethylbenzene. 
The compound of the formula (II) of the present invention which is an important synthetic intermediate 
can be obtained by introducing tert-butyldiphenylsilyl into the corresponding hydroquinone derivative of the 
formula (III): 



wherein each symbol is as defined above, according to the method of E. J. Corey et al. (J. Am. Chem. Soc, 
94, 6190, 1972). Namely, the hydroquinone derivative of the formula (III) is reacted with imidazole and tert- 
butyldiphenylsilyl chloride in an amount of 1 to 3 equivalents, preferably 1 .5 to 2 equivalents in an inert solvent 
such as dioxane, tetrahydrofuran, chloroform, dichloromethane, 1,2-dichloroethane, dimethylformamide or 
the like, preferably in dichloromethane. The reaction temperature is 0°C to 80°C, preferably 40°C. The reaction 
time is 2 to 20 hours. In this case, tert-butyldiphenylsilyl is introduced preferentially into the less hindered hy- 
droxyl at the 4-position in high selectivity of 96:4. The remainder being 4% is introduced into the 1 -position. 
However, since it can be converted to the corresponding 1 ,4-disilyl derivative with the excess silyiating agent, 



OH 




(III) 



OH 



X 
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it can be separated readily by conventional separation methods such as column chromatography on silica gel 
or the like. For example, the regioselectivities of other silylating agents preferentially introduced into the 4- 
position are asfollows: triphenylsilyl (7:5), tert- butyl dimethylsilyl (3:1), triisopropytsilyt (3:1), dimethytthexyisilyl 
(i.e. dimethyl(1,1,2-trimethytpropyl)silyl) (4:1). 

The 4-tert-butyldiphenylsilyi derivative of the hydroquinone compound thus obtained can be subjected to 
alkylation, acylation, glycosylation, sulfation or phosphorylation followed by removal of the tert-butyl- 
diphenylsilyl at the 4-position to obtain the corresponding 1-derivative as shown in Scheme 1. Furthermore, 
an appropriate protecting group is introduced into the hydroxyl at the 1-position of the synthetic intermediate 
of the formula (II) wherein R 3 is hydrogen, then the tert-butyldiphenylsilyl at the 4-position is removed and the 
hydroxyl at the 4-position is alkylated, acylated, glycosylated, sulfated or phosphorylated followed by removal 
of the protecting group of the hydroxyl at the 1-position to obtain the corresponding 4-derivative. 
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OH 

R 2 ^VCH 3 

R'^^^CH-R-Y 

OH X 

ClSi(Ph) 2 (t-Bu) 
imidazole 

0Si(Ph) 2 (t-Bu) 
R 2 ^vCH 3 

OH X 
A® Sfca 



0Si(Ph) 2 (t-Bu) 
R 2 >^yCH3 

R'-^^CH-R-Y 
OA X 

OH 

r 2 Y^Vch 3 

R'-^^CH-R-Y 
OA X 



0Si(Ph) 2 (t-Bu) 
R 2 Y^ Nv rCH 3 




wherein each symbol is as defined above. 

The alkyl derivative of hydroquinone of the above formula (I) of the present invention can be obtained by 
subjecting the synthetic intermediate of the formula ((I) to alkylation followed by desilylation, or by protecting 
55 the synthetic intermediate of the formula (II) with lower aliphatic acyl such as acetyl followed by desilylation, 
alkylation and then deacylation to give the corresponding 1-or 4-alkyl derivative, regioselectively. The alkyla- 
tion can be carried out in an inert solvent by using a lower alkyl halide and tertiary organic amine and the like 
according to conventional methods. 
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The acyl derivative of hydroquinone of the above formula (I) can be obtained by subjecting the synthetic 
intermediate of the formula (II) to desilylation followed by acylation, or by introducing a protecting group readily 
removable such as methoxyethoxymethyl into the synthetic intermediate of the formula (II) followed by desi- 
lylation, acylation and then deprotection to give the corresponding 1-or 4-acyl derivative, regioselectively. 

5 The acylation can be carried out in an inert solvent according to conventional methods by using an acyl 

halide, an acid anhydride or the like together with a tertiary organic amine, or a carboxylic acid derivative ac- 
tivated by acylimidazole such as 1,1'-carbonyldiimidazole. 

The hydroquinone glycosyl derivative of the formula (I) of the present invention can be prepared by reacting 
the synthetic intermediate of the formula (II) with O-glycosyltrichloroacetimidate of the formula (IV): 

10 Gly-X (IV) 

wherein Gly is the above O-acylated and/or esterif ied glycosyl residue and X is trichloroacetimidoyl (when R 3 
of the synthetic intermediate of the formula (II) is a protecting group, this reaction is carried out after desily- 
lation) according to a per se known method (R. R. Schmidt), Angew. Chem. Int. Ed. Engl., 25, 212 (1986)) fol- 
lowed by deprotection. As the O-acyl group in the compound (IV), lower aliphatic acyl such as acetyl is pre- 

15 ferred. As the ester group, lower alkyl such as methyl is preferred. Examples of the compound (IV) include O- 
acetyl-a-glycopyranosyltrichloroacetimidate, O-acetyl-a-galactopyranosyltrichloroacetimidate and O-acetyl- 
a-mannopyranosyltrichloroacetimidate described in the above paper and methyl 2,3,4-tri-0-acetyl-1-0-(tri- 
chloroacetimidoyi)-a-D-glycopyranuronate (B. Fischer et al., J. Org. Chem., 49, 4988 (1984)). 

In this reaction, a Lewis acid is used as a catalyst in an inert solvent. As the Lewis acid to prevent the 

20 production of the corresponding a-anomer as a by-product, boron trifluoride diethyl ether complex or trime- 
thylsilyl trifluoromethanesulfonate is preferred. As the inert solvent, dichloromethane, dichloroethane, chloro- 
form, acetonitrile or propionitrile is preferred. The reaction temperature is -78°C to 0°C. The reaction time is 
15 to 60 minutes. The amount of the trichloroacetimidoyl derivative (IV) to be used is 1.0 to 1.2 equivalents 
based on the hydroquinone derivative (ll> either hydroxyl of which is protected. 

25 After completion of the reaction, the reaction mixture was subjected to solvent extraction and per se known 
separation and purification methods such as chromatography , recrystallization and the like to obtain the 1- 
or 4-glycosyf derivative in any desired purity. Alternatively, the reaction mixture can be subjected to deprotec- 
tion without such separation and purification. 

The sulfo derivative of the hydroquinone of the above formula (I) of the present invention can be obtained 

30 by reacting the synthetic intermediate of the formula (II) with a reactive derivative of sulfuric anhydride, for 
example. When R 3 of the synthetic intermediate of the formula (II) is a protecting group, this reaction is carried 
out after desilylation. 

Examples of the above reactive derivative of sulfuric anhydride include complexes such as sulfur trioxide- 
pyridine, sulfur trioxide-dioxane, sulfur trioxide-trimethylamide, sulfur trioxide-dimethylformamide or the like. 
35 In addition, sulfuric anhydride, sulfuric-chloro-sulfonic acid can also be used. 

As the solvent in this reaction, an inert solvent is preferably used. Examples thereof include dioxane, tet- 
rahydrofuran, chloroform, dichloromethane, pyridine, dimethylformamide and the like. 

The amount of the reactive derivative of sulfuric anhydride to be used is preferably 1.0 to 5.0 mole per 1 
mole of the corresponding hydroquinone derivative. In this case, the reaction temperature is preferably 0°C 
40 to40°C. 

After completion of the reaction, the reaction mixture is subjected to solvent extraction and per se known 
separation and purification methods such as chromatography, recrystallization and the like to obtain the 1- or 
4-sulfate (salt) in any desired purity. Alternatively, the reaction mixture can be subjected to deprotection without 
such separation and purification. 
45 The phosphono derivative of the formula (I) can be obtained by reacting the synthetic intermediate of the 
formula (II) with an appropriate phosphorylating agent. When R 3 of the synthetic intermediate of the formula 
(II) is a protecting group, the reaction is carried out after desilylation. 

Examples of the phosphorylating agent to be used in the above reaction include orthophosphoric anhydr- 
ide, meta- phosphoric acid, phosphorus pentachloride, phosphorus oxychloride, pyrophosphoryl tetrachloride, 
50 tetra-p-nitrophenylpyrophosphoric acid, dimorpholylphosphoryl bromide, o-phenylene phosphoryl chloride, di- 
phenylphosphoryl chloride, di-p-nitrobenzyl phosphoryl chloride and the like. The phosphorylating agent can 
be used alone or in combination with about 1 to 5 equivalents of a base in a solvent 

Examples of the base include organic bases such as pyridine, 2,6-lutidine, picoline, triethylamine, N-me- 
thyimorpholine or the like; inorganic bases such as sodium hydroxide, potassium hydroxide, sodium bicarbon- 
55 ate, sodium carbonate or the like; and the like. 

Examples of the solvent include water, acetone, acetonitrile, dioxane, N.N-dimethylformamide, tetrahydro- 
furan, dichloromethane and the like. These solvents can be used alone or in combination thereof. 

The amount of the phosphorylating agent to be used is preferably 1.0 to 5.0 mol per 1 mol of the corre- 
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sponding hydroquinone derivative. The reaction temperature is preferably -20 °C to 40°C. 

After completion of the reaction, the reaction mixture is subjected to solvent extraction and per se known 
separation and purification methods such as chromtography, recrystallization and the like to obtain the 1- to 
4- phosphate (salt) in any desired purity. Alternatively, the reaction mixture can be subjected to deprotection 

5 without such separation and purification. 

The hydroquinone derivative thus obtained can be subjected to deprotection, if necessary. 
When the hydroquinone has tert-butyldiphenyisilyloxy at the 4-position, the silyl group can be removed 
by per se known methods such as (1) reaction with tetra-n-butylammonium fluoride in tetrahydrofuran or re- 
action in acetic acid-water (J. Am. Chem. Soc, 94, 61 90 (1 972)), (2) reaction with hydrofluoric acid in anhydrous 

10 acetonitrile (Tetrahedron Lett., 1979 , 3981), (3) reaction with N-bromosuccinimide in dimethyl sulfoxide (Syn- 
thesis, 1980 , 234), (4) reaction with lithium tetrafluoroborate (Tetrahedron Lett., 21, 35 (1980)}, (5) reaction 
with an aqueous solution of hydrogen chloride (Tetrahedron Lett., 24, 3251 (1983)) or the like. Alternatively, 
the removal can be carried out under conditions for the hydrolysis of ester and acyl groups used in the present 
invention. Namely, the silyl group, ester group and acyl group can be removed simultaneously by reaction with 

15 excess 2N-sodium hydroxide solution in a mixed solvent of water-met hanol-tetrahydrofuran at room tempera- 
ture for 15 hours. 

When the hydroxy! group at the 1 -position of the hydroquinone is protected by R 3 which is lower aliphatic 
acyl or aromatic acyl such as acetyl or benzoyl, R 3 can be removed by alkaline hydrolysis according to con- 
ventional methods. When R 3 is methoxymethyl, methoxyethoxymethyl, methylthiomethyl or the like which 

20 forms a ether bond, it can be removed by per se known methods such as hydrochloric acid- tetrahydrofuran 
method (Tetrahedron Lett., 1976, 809), zinc bromide or titanium tetrachloride method (Tetrahedron Lett., 1976 , 
809), the method using Hg ++ or Ag ++ (Tetrahedron Lett., 1975 , 3269), bromodimethylborane or bromodiphe- 
nylborane method (Tetrahedron Lett., 24, 3969 (1983)) or the like. 

When either A or B of the compound of the formula (I) is protected phosphono, the deprotection can be 

25 carried out by per se known methods such as hydrolysis with an acid, catalytic reduction or the like. When 
either A or B of the compound of the formula (I) is O-acylated and/or esterif ied glycosyl, it can be removed by 
conventional methods such as alkaline hydrolysis or the like. 

When the compound (I) thus obtained is in the form of a salt, it can be converted to its free acid, if nec- 
essary. When it is a free acid, it can be converted to its salt by adding a base. 

30 Further, the desired compound (I) can be separated and purified by known methods such as extraction, 

concentration, crystallization, recrystallization, chromatography and the like. 

The compound (I) of the present invention itself has various biological activities against animals, particu- 
larly mammals (e.g., mouse, rat, guinea pig, dog, rabbit, human, etc.) based mainly on inhibitory activity of 
fatty acid peroxide formation such as hypotensive activity, antiallergic activity, antiulcer activity, antiinf lamm- 

35 tory activity, analgesic activity, antiasthmatic activity, immunomodulatory activity, diuretic activity, platelet ag- 
gregation inhibitory activity, ameliorative activity of brain and circulatory organs and the like. The compound 
(I) is useful as medicaments such as hypotensive agents, analgesics, antiulcer agents, antiinflammatory 
agents, diuretics, antiallergic agents, immunomodulators, antithrombogenic agents, ameliorative agents for 
brain and circulatory organs and the like for treatment or prevention of, for example, hypertension, cerebral 

40 thrombosis, ischemic cardiac infarction, coronary vascular disorders, incontinence of regulation of prostaglan- 
din or thromboxane biosynthesis, immunodeficiency, atherosclerosis, allergosis, bronchial asthma and the 
like. 

The compound of the present invent ton has low toxicity, and can safety be administered orally or parent- 
erally as it is or in combination with a per se known pharmacologically acceptable carrier or excipient as a phar- 

45 maceutical composition (e.g., tablets, capsules including soft capsules and microcapsules, liquids and solu- 
tions, injections, suppositories, etc.). The dose varies depending upon the subject to be treated, administration 
route, conditions to be treated. For example, when administered orally to an adult patient with hypertension or 
bronchial asthma, normally, the compound is preferably administered in a unit dose of about 0.2 mg/kg to about 
25 mg/kg body weight 1 to 3 times a day. For a serious patient who is impossible to treat by oral administration, 

so parenteral administration of the water-soluble derivative of the compound (I) of the present invention is espe- 
cially effective. 

The raw materials in the present invention, namely 2,3-dimethoxy-6-(10-hydroxydecyl)-5-methyl-1,4-ben- 
zoquinone, 6-(12-hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethyl-1 ,4-benzoquinone, 6-(11-carboxyundeca- 
5,10-diyn-1-yi)-2,3,5-trimethyl-1,4-benzoquinone and 6-(3-pyridylmethyl)-2,3,5-trimethyl-1,4-benzoquinone 
55 can be prepared, for example, according to the methods described in JP-B 1-37384, JP-A 57-109739, JP-B 
3-2133, JP-A 63-45257 or the like. 

As described above, according to the present invention, there are provided novel compounds wherein the 
hydroxyl at the 4-position of the hydroquinone derivative is protected regioselectively. Further, by using these 
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compounds as intermediates for the production, there are provided novel hydroquinone derivatives useful as 
medicaments wherein any desired hydroxyl is chemically modified, regioselectively. 

The following reference examples and examples further illustrate the present invention in detail but are 
not to be construed to limit the scope thereof. In the number of the examples, the symbol "A" represents the 
5 production of the compounds of the above formula (I) and the symbol "B w represents the production of the 
compounds of the above formula (II). 



Reference Example 1 



10 6-(1 0-Acetoxydecyl)-2,3-dimethoxy-5-methylhydroquinone 

2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methyl-1,4-benzoquinone (3.38 g) was dissolved in dichtorome- 
thane (50 ml). Pyridine (1 ml) was added, and acetyl chloride (0.8 ml) was added with stirring under ice-cooling. 
After stirring for 1 hour at the same temperature, the mixture was washed with 0.1 N hydrochloric acid (50 ml) 
followed by water (50 ml). The dichloromethane layer was concentrated under reduced pressure to obtain 6- 

15 (10-acetoxydecyl)-2,3-dimethoxy-5-methyl-1 ,4-benzoquinone as a red oil. This oil was dissolved in ether (50 
ml), and a solution of sodium hydrosulf ite (4 g) in water (50 ml) was added. Stirring was continued at room 
temperature until the red color of the ether layer disappeared. The ether layer was separated, dried over an- 
hydrous magnesium sulfate and concentrated under reduced pressure to obtain the desired compound (3.8 
g) as a pale yellow oil. 

20 

Example B-1 



6-(10-Acetoxydecyl)-4-tert-butyldipheylsilyloxy-2,3-dimethoxy-5-methylphenol 
6-(10-Acetoxydecyl)-2,3-dimethoxy-5-methyl hydroquinone (38.0 g) and tert-butylchlorodiphenylsilane 
25 (55.0 g) were dissolved in dichloromethane (50 ml), imidazole (13.6 g) was added under a stream of nitrogen 
at room temperature. The mixture was stirred at 43°C for 1 6 hours. The reaction mixture was washed with water 
(50 ml) and concentrated under reduced pressure. The residue was subjected to column chromatography on 
silica gel and eluted with hexane/ethyl acetate (7:3) to obtain the desired compound (58.0 g). 

NMR (CDCI 3 ) 6 (ppm): 1.05 (9H, s), 1.30 (16H, br.s), 2.04 (3H, s), 2.27 (3H, s), 2.60 (2H, t, J=7.90Hz), 
30 2.91 (3H, s), 3.47 (3H, s), 4.05 (2H, t, J=6.6Hz), 5.30 (1 H, s), 7.30-7.75 (10H, m). 

!R (neat) v : 3540, 2925, 2860, 1740, 1465, 1430, 1380, 1260, 1240, 1190, 1115, 970, 820, 705, 610 

crrr 1 . 



Reference Example 2 

35 

Methyl 1 -0-trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranuronate 
60% Oily sodium hydride (0.366 g) was added to an ice-cooled solution of methyl 2,3,4-tri-O-acetyl-D-glu- 
copyranuronate (3.96 g), trichloroacetonitrile (1 2 ml) and dichloromethane (1 00 ml), and the mixture was stirred 
at room temperature for 1 5 minutes. The reaction mixture was subjected to short column (70 x 50 mm) chro- 
40 matography on silica gel and eluted with ethyl acetate/hexane (1:1). The eluate was concentrated under re- 
duced pressure to obtain the desired compound (4.37 g) as crystals (mp: 108°C). 

Example A-1 

45 Methyl 1-O-[6-(10-acetoxydecylH-hydroxy-2,3-dimethoxy-5-methylphenyl}-2,3,4-tri-O-acetyl-p-D- 

glucopyranosiduronate 

6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (0.62 g) and methyl I-O- 
trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranuronate (0.82 g) were dissolved in dichloromethane (10 
ml), and the solution was cooled to -10°C. Boron trif luoride diethyl ether (0.2 ml) was added with stirring. The 
50 mixture was stirred under ice-cooling for 30 minutes followed by addition of water (10 ml) containing sodium 
bicarbonate (1 g) and stirring. The dichloromethane layer was separated and concentrated under reduced pres- 
sure to obtain crude methyl 1-O-[6-(10-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methyl- 
phenyl]-2,3,4-tri-0-acetyl-p-D-glucopyranosiduronate. 

The crude product thus obtained was dissolved in tetrahydrofuran (10 ml), and tetrabutylammonium flu- 
55 oride trihydrate (0.2 g) was added. The mixture was stirred at room temperature for 2 hours. The reaction mix- 
ture was concentrated under reduced pressure, and the residue was subjected to column chromatography on 
silica gel and eluted with ethyl acetate/hexane (1:1) to obtain the desired compound (0.36 g). 

NMR (CDCI3) § (ppm): 1.30 (16H, br.s), 2.02 (3H, s), 2.05 (3H, s), 2.10 (3H,s), 2.11 (3H, s), 2.14 (3H, 
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s), 3.69 (3H, s), 3.79 (3H, s), 3.92 (3H, s), 4.06 (2H, t, J=6.6Hz), 5.63 (1H, s). 
Example A-2 

5 Sodium 1-O-[4-hydroxy-6-(10-hydroxydecy1)-2,3-dim^ 

onate 

Method 1 

10 6-(10-Acetoxydecyl>-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (0.62 g) and methyl 1-0- 

trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranuronate (0.82 g) were dissolved in dlchloromethane (10 
ml), and the solution was cooled to-10°C. Boron trifluoride diethyl ether (0.2 ml) was added with stirring. The 
mixture was stirred under ice-cooling for 30 minutes followed by addition water (10 ml) containing sodium bi- 
carbonate (1 g) and stirring. The dichloromethane layer was separated and concentrated under reduced pres- 

15 sure to obtain crude methyl 1-O-[6-(10-acetoxydecyl)-4-tert-butyldiphenylsily1oxy-2,3-dimethoxy-5-methyl- 
phenyl}-2 f 3,4-tri-0-acetyl-p-D-glucopyranosiduronate. 

The crude product thus obtained was dissolved in tetrahydrofuran (10 ml), and tetrabutylammonium flu- 
oride trihydrate (0.2 g) was added. The mixture was stirred at room temperature for 2 hours. After concentration 
under reduced pressure, the residue was dissolved in methanol (10 ml). A solution of sodium hydroxide (1N, 

20 10 ml) was added under ice-cooling, and the mixture was allowed to react at room temperature for 15 hours. 
The reaction mixture was extracted with ether (20 ml), and the aqueous layer was concentrated under reduced 
pressure. The residue was subjected to Sephadex (trade mark) LH-20 column chromatography and eluted with 
water. The desired fraction was lyophilized to obtain the desired compound (0.47 g). 

25 Method 2 

6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (0.62 g) and methyl 1-0- 
trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranuronate (0.82 g) were dissolved in dichloromethane (10 
ml), and the solution was cooled to -10°C. Boron trifluoride diethyl ether (0.2 ml) was added with stirring. The 
30 mixture was stirred under ice-cooling for 30 minutes followed by addition of water (10 ml) containing sodium 
bicarbonate (1 g) and stirring. The dichloromethane layer was separated and concentrated under reduced pres- 
sure to obtain crude methyl 1-O-[6-(10-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methyl- 
phenyl}-2,3,4-tri-0-acetyl-p-D-glucopyranosiduronate. 

To the crude product thus obtained was added methanol (30 ml), tetrahydrofuran (10 ml) and 1N sodium 
35 hydroxyde solution (1 5 ml). The mixture was stirred at room temperature for 24 hours. After concentration under 
reduced pressure, the residue was extracted with ether (20 ml). The aqueous layer was concentrated. The 
residue was subjected to Sephadex (trade mark) LH-20 column chromatography and eluted with water. The 
desired fraction was lyophilized to obtain the desired compound (0.50 g). 
mp: 21 9-221 °C. 



Elemental Analysis for 




CasHsjOnNa-O.SHzO 




Calcd.: 


C.54.84; 


H,7.36 


Found : 


C.54.95; 


H.7.09 



NMR (D 2 0) 5 (ppm): 1 .15-1.55 (16H, m), 2.08 (3H, s), 2.65 (2H, m), 3.53 (2H, t, J=6.76Hz>, 3.82 (3H, 
s), 3.87 (3H, s), 4.86 (1H, d, J=7.09Hz). 

UV Xmax H *o 200 nm E^m (1%)=848,279 nm EiCm (1%)=30. 
IR (KBr) v : 1610, 1460, 1420, 1300, 1100, 1050crrr 1 . 

Example A-3 

Sodium 1-O-[2,3-dimethoxy-4-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl]-p-E>-glucopyranosidur- 

onate 

2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methyl(1,4-benzoquinone (338 mg, 1 mmol) was dissolved in di- 
chloromethane (5 ml). Pyridine (0.1 ml, 1.2 mmol) followed by acetyl chloride (0.08 ml, 1.1 mmol) was added 
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with stirring under ice-cooling. The mixture was stirred at the same temperature for 1 hour. Water (5 ml) was 
added to the reaction mixture which was then stirred at room temperature for 20 minutes. Then sodium hydro- 
sulf ite (400 mg, 2.3 mmol) was added, and the mixture was stirred for 2 hours. The dichloromethane layer was 
separated, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 

5 was dissolved in dichloromethane (5 ml), and tert-butylchlorodiphenylsilane (550 mg, 2 mmol) was added. 
Then imidazole (136 mg, 2 mmol) was added under a stream of nitrogen. After stirring at 43°C for 16 hours, 
the mixture was washed with water (5 ml), and the organic layer was dried over anhydrous magnesium sulfate. 
Concentration under reduced pressure gave crude 6-(1 0-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dime- 
thoxy-5-methylphenol. The crude product was dissolved in dichloromethane (10 ml) followed by addition of 

10 methyl 1-0-trichloroacetimidoyl-2 f 3,4-tri-0-acetyl-a-D-glucopyranuronate (2.1 mmol), and the mixture was 
ice-cooled. Boron trif luoride diethyl ether (0.2 ml) was added, and the mixture was stirred at the same tem- 
perature for 30 minutes. Then water (10 ml) containing sodium bicarbonate (1 g) was added, and the mixture 
was stirred for 5 minutes. The dichloromethane layer was separated and concentrated under reduced pressure. 
To the residue were added tetrahydrofuran (15 ml), methanol (10 ml) and 1N sodium hydroxide solution (20 

15 ml), and the mixture was allowed to react at room temperature for 40 hours. The solvent was distilled off under 
reduced pressure, and the residue was extracted with ether (20 ml). Then the aqueous layer was subjected 
to Sephadex (trade mark) LH-20 column chromatography and eluted with water. The desired fraction was lyo- 
philized to obtain the desired compound (290 mg). 

20 Example A-4 

Sodium 1-O-[4-hydroxy-6-(12-hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethy1phenyt-p-D-glu 
siduronate 

6-(12-Hydroxydodeca-5,1 0-diyn-1-yl)-2,3 f 5-trimethyl-1 ,4-benzoquinone (326 mg, 1 mmol) was treated ac- 
25 cording to the same manner as that described in Example A-3 to obtain the desired compound (310 mg). 



Elemental Analysis for 




C^HasOgNa-KbO 




Calcd.: 


C.59.55; 


H.6.85 


Found : 


C.59.40; 


H.6.55 



NMR (D 2 0) 5 (ppm): 1.542 (4H, m), 1.651 (2H, quintet, J=7.0Hz), 2.150 (3H, s), 2.214 (3H, s), 2.234 
(3H, s), 2.260-2.350 (6H, m), 2.74 (2H, m), 2.85 (2H, m>, 3.492 (1 H,d, J=9.50Hz), 3.590 (2H, m), 3.680 (1H, 
dd, J=7.80,9.50Hz), 4,171 (2H, t, J=2.20Hz), 4.690 (1H, d, J=7.80Hz). 

IR (KBr)v :3380,1600cm- 1 . 

SIMS (H 2 0+Glycerol): 527 (M+l), 549 (M+Na) 

SIMS (H 2 O+Glycerol+0.1NKJ): 527 (M+l), 543 (M-Na+K+I>, 565 (M+K), 581 (M-Na+K+K). 
40 Example B-2 

1-Acetoxy-6-(10-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methyl benzene 
6-(10-Acetoxydecyl)-4-tert-butyldiphenylsi!yloxy-2,3-dimethoxy-5-methylphenol (0.65 g) was dissolved in 
dichloromethane (5 ml), and triethylamine (0.2 ml) followed by acetyl chloride (0.08 g) was added. The mixture 
was stirred at the same temperature for 30 minutes. The reaction mixture was concentrated, and then the re- 
sidue was subjected to column chromatography on silica gel and eluted with hexane/ethyl acetate (9:1 ) to ob- 
tain the desired compound (0.483 g>. 

NMR (CDCI 3 ) 6 (ppm): 1.05 (9H, s>, 1.31 (16H, s>, 2.05 (3H, s), 2.29 (3H, s), 2.31 (3H, s), 2.45 (2H, t, 
J=7.90Hz), 2.87 (3H, s), 3.40 (3H, s), 4.06 (2H, t, J=6.6Hz>, 7.35-7.70 (10H, m). 

IR (neat) v : 2925, 2850, 1770, 1760, 1470, 1420, 1360, 1240, 1200, 1110, 1060, 1020, 960cm" 1 . 

Example A-5 

55 1-Acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methylbenzene 

1-Acetoxy-6-(1 0-acetoxydecyl)-4-tert- butyl diphenyl-silyloxy-2,3-dimethoxy-5-methyl benzene (0.483 g) 
was dissolved in tetrahydrofuran (5 ml), and tetrabutylammonium fluoride thrihydrate (0.5 g) was added. The 
mixture was stirred at room temperature for 30 minutes. After concentration under reduced pressure, the re- 
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sidue was subjected to column chromatography on silica gel and eluted with hexane/ethyl acetate (7:3) to ob- 
tain the desired compound (0.24 g). 

NMR (CDCI 3 ) 8 (ppm): 1.29-1.60 (16H,s) f 2.05 (3H,s), 2.16 (3H, s), 2.33 (3H, s), 2.43 (2H, t, J=7.90Hz), 
3.83 (3H, s), 3.91 (3H, s), 4.06 (2H, t, J=6.60 Hz), 5.73 (1H, s). 
5 IR (neat) v : 3450, 2925, 2850, 1760, 1740, 1490, 1465, 1425, 1380, 1365, 1240, 1210, 1110, 1050cm-i. 



Example A-6 



Sodium 1-O-[2,S-dimethoxy-1-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl]-p-D-glucopyranosidur- 

10 onate 

1-Acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methylbenzene (0.9 g) and methyl 1-O-trh 
chloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranosiduronate (1.3 g) were dissolved in dichloromethane 
(20 ml). Boron trifluoride diethyl ether (0.4 ml) was added with stirring under ice-cooling, and the mixture was 
stirred at the same temperature for 30 minutes. Then water (20 ml) containing sodium bicarbonate (1 g) was 

15 added, and the mixture was stirred for 10 minutes. The dichloromethane layer was separated and concentrated 
under reduced pressure to obtain crude methyl 1-O-[1-acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-5-methyl- 
phenyl]-2,3 f 4-tri-0-acetyl-p-D-glucopyranosiduronate. This was dissolved in methanol (20 ml), and 1N sodium 
hydroxide solution (20 ml) was added under ice-cooling. The mixture was allowed to react at room temperature 
for 1 6 hours. The methanol was distilled off under reduced pressure, and the residue was subjected to Sepha- 

20 dex (trade mark) LH-20 column chromatography and eluted with water. The desired fraction was lyophilized 
to obtain the desired compound (0.88 g). This compound was dissolved in a small amount of methanol for crys- 
tallization to obtain crystals (0.68 g). 
mp. 21 0-211 °C. 



Elemental Analysis for C 25 H 3 g0 11 Na 


Calcd.: 
Found : 


C55.75; 
C.55.48; 


H,7.30 
H.7.29 



NMR (D 2 0) 8 (ppm): 1.15-1.55 (16H, m), 2.20 (3H, s), 2.55 (2H f s), 3.53 (2H, t, J=6.76Hz), 3.81 (3H, s), 
3.86 (3H, s), 4.78 (1H, d, J=7.58Hz). 

IR (KBr) v : 1610, 1460, 1425, 1370, 1300, 1090, 1060crrr 1 . 
UV X max"2o 200 nm, E^m (1%)=80S,279 nm, E^cm (1%)=28. 
[a] D 2*=-29.8° (c=0.215, H 2 0). 

Example A-7 



Sodium 1-O-[2,3-dimethoxy-1-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl]-p-D-glucopyranosidur- 

onate 

2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methyl-1,4-benzoquinone (338 mg, 1 mmol) was dissolved in di- 
chloromethane (5 ml). Pyridine (0.1 ml, 1.2 mmol) followed by acetyl chloride (0.08 ml, 1.1 mmol) was added 
with stirring under ice-cooling. The mixture was stirred at the same temperature for 1 hour. Water (5 ml) was 
added to the reaction mixture which was then stirred at room temperature for 20 minutes. Then sodium hydro- 
sulf ite (400 mg, 2.3 mmol) was added, and the mixture was stirred for 2 hours. The dichloromethane layer was 
separated, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 
was dissolved in dichloromethane (5 ml), and tert-butylchlorodiphenylsilane (550 mg, 2 mmol) was added. 
Then imidazole (136 mg, 2 mmol) was added under a stream of nitrogen. The reaction mixture was stirred at 
43°C for 16 hours and then washed with water (5 ml), and the organic layer was dried over anhydrous mag- 
nesium sulfate. Concentration under reduced pressure gave crude 6-(10-acetoxydecyl)-4-tert-butyldiphenyl- 
silyIoxy-2,3-dimethoxy-5-methyIphenol. The crude product was dissolved in dichloromethane (5 ml), and pyr- 
idine (0.1 ml, 1.2 mmol) followed by the addition of acetyl chloride (0.08 ml, 1 .1 mmol). The mixture was stirred 
at the same temperature for 30 minutes and washed with water (5 ml), and the dichloromethane layer was 
concentrated under reduced pressure. The residue was dissolved in tetrahydrofuran (8 ml), and tetrabutylam- 
monium fluoride trihydrate (731 mg, 2 mmol) was added. The mixture was stirred at room temperature for 30 
minutes. The reaction mixture was concentrated under reduced pressure, and the residue was dissolved in 
ether and washed with water. The ether layer was dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure to obtain crude 1-acetoxy-6-(10-acetoxydecyl)-2,6-dimethoxy-4-hydroxy-5-methyl- 
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benzene. This crude product was dissolved in dichloromethane (10 ml). Methyl 1-0-trichloroacetimidoyl-2,3,4- 
tri-O-acetyl-a-D-glucopyranosiduronate (1 .4 g, 3 mmol) was added, and the mixture was ice-cooled. Boron tri- 
f luoride diethyl ether (0.2 ml) was added, and the mixture was stirred at the same temperature for 30 minutes. 
Then water (10 ml) containing sodium bicarbonate (1 g) was added, and the mixture was stirred for 5 minutes. 
5 The dichloromethane layer was separated and concentrated under reduced pressure to obtain crude methyl 
1-O-[1-acetoxy-6-(10-acetoxydecyl}-2,3-d^ 

uronate. This crude product was dissolved in methanol (10 ml), and 1 N sodium hydroxide solution (10 ml) was 
added. The mixture was allowed to react at room temperature for 16 hours and concentrated under reduced 
pressure. The residue was extracted with ether and then subjected to Sephadex (trade mark) LH-20 column 
10 chromatography and eluted with water. The desired fraction was lyophilized to obtain the desired compound 
(270 mg). 



Example A-8 

15 Sodium 1-O-[1-hydroxy-6-(12-hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethytpheny^ 

nosiduronate 

1-Hydroxy-6-(12-hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethyl-1,4-benzoquinone (326 mg, 1 mmol) was 
treated according to the same manner as that described in Example A-6 to obtain the desired compound (290 
mg). 



Elemental Analysis for 




C27H3509Na1.5H 2 0 




Calcd.: 


C.58.58; 


H,6.92 


Found : 


C.58.87; 


H.6.73 



NMR (D 2 0) 8 (ppm): 1.561 (4H, m), 1.649 (2H, quintet, J=7.0Hz), 2.150 (3H, s), 2.228 (3H, s), 2.283 
(3H, s), 2.230 (2H), 2.280 (2H), 2.325 (2H, tt), 2.667 (2H, br.t), 3.502 (1H, d, J=9.5Hz), 3.580 (2H, m), 3.693 
(1H, dd, J=7.8,9.5Hz), 4.162 (2H, t, J=2.1Hz), 4.677 (1H, d, J=7.8Hz). 

IR (KBr)v: 3380,1600crrr 1 . 

SIMS (H 2 0+Glycerol): 527 (M+l), 549 (M+Na) 

SIMS (H 2 O+Glycerol+0.1NKJ): 527 (M+l), 543 (M-Na+K+I), 565 (M+K), 581 (M-Na+K+K). 



Example A-9 

Sodium 1-0-[4-hydroxy-6-(3-pyridylmethyl)-2,3,5-trimethylphenyl}-p-D-glucopyranosiduronate 
6-(3-Pyridylmethyl)-2,3,5-trimethyl-1,4-benzoquinone (241 mg, 1 mmol) was dissolved in dichlorome- 
thane (5 ml). The solution was stirred for 1 hour with a solution containing sodium hydrosulf ite (400 mg, 2.3 
mmol) in water (5 ml). The dichloromethane layer was separated, dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was dissolved in dichloromethane (5 ml), and tert- 
butylchlorodiphenylsilane (550 mg, 2 mmol) was added. Then imidazole (136 mg, 2 mmol) was added under 
a stream of nitrogen. The reaction mixture was stirred at 43°C for 16 hours and washed with water (5 ml). The 
organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 
crude 4-tert-butyldiphenylsily1oxy-6-(3-pyridyl met hyl)-2, 3, 5-trimethyl phenol. This crude product was dis- 
solved in dichloromethane (10 ml), and methyl 1-0-trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranosi- 
duronate (1 g, 2.1 mmol) was added. Boron trif luoride diethyl ether (0.2 ml) was added under ice-cooling, and 
the mixture was stirred at the same temperature for 30 minutes. Then water (10 ml) containing sodium bicar- 
bonate (1 g) was added, and the mixture was stirred for 5 minutes. The dichloromethane layer was separated 
and concentrated under reduced pressure. To the residue were added tetrahydrofuran (15 ml), methanol (10 
ml) and 1N sodium hydroxide solution (20 ml), and the mixture was allowed to react at room temperature for 
40 hours and concentrated under reduced pressure. The residue was extracted with ether, and the aqueous 
layer was subjected to Sephadex (trade mark) LH-20 column chromatography and eluted with water. The de- 
sired fraction was lyophilized to obtain the desired compound (210 mg) as white powder. 

mp: 215°C (dec.) 
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Elemental Analysis for C 21 H24N0 8 Na-2H 2 0 




Calcd.: 


C.52.83; 


H.5.91; 


N.2.93 


5 


Found : 


C.52.76; 


H.5.89; 


N.2.88 



10 



NMR (D 2 0) 6 (ppm): 2.006 (3H, s), 2.171 (3H, s), 2.275 (3H, s), 3.400-3.682 (4H f m> f 4.288 (2H, ABq, 
J=16,41Hz), 4.694 (1H, d, J=8Hz), 7.340-8.314 (4H, m). 
IR (KBr) v : 3380, 1610cm- 1 . 
[a] D 23=-35.5° (c=0.95, H 2 0). 



Example A-10 



Sodium 1-<>[1-hydroxy-6-(3-pyridylmethyl)-2 f 3,5^^ 

15 6-(3-Pyridylmethy1)-2,3,5-trimethyH I 4-benzoquinone (241 mg, 1 mmol) was dissolved in dichlorome- 

thane (5 ml). The solution was stirrer for 1 hour with a solution containing sodium hydrosulfite (400 mg, 2.3 
mmol) in water (5 ml). The dichloromethane layer was separated, dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was dissolved in dichloromethane (5 ml), and tert- 
butylchloro-diphenylsilane (550 mg, 2 mmol) was added. Then imidazole (136 mg, 2 mmol) was added under 

20 a stream of nitrogen. The reaction mixture was stirred at 43°C for 16 hours and washed with water (5 ml). The 
organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 
crude 4-tert-butyldiphenylsilyloxy-6-(3-pyridylmethyl)-2,3,5-trimethylphenol. 

This crude product was dissolved in dichloromethane (5 ml), and pyridine (0.1 ml, 1.2 mmol) followed by 
acetyl chloride (0.08 ml, 1.1 mmol) was added with stirring under ice-cooling. The mixture was stirred at the 

25 same temperature for 30 minutes and washed with water (5 ml). The dichloromethane layer was concentrated 
under reduced pressure. The residue was dissolved in tetrahydrofuran (8 ml), and tetra butyl ammonium fluoride 
trihydrate (731 mg, 2 mmol) was added. The mixture was stirred at room temperature for 30 minutes. The re- 
action mixture was concentrated under reduced pressure, and the residue was dissolved in ether and a washed 
with water. The ether layer was dried over anhydrous magnesium sulfate and concentrated under reduced pres- 

30 sure to obtain crude 1-acetoxy-4-hydroxy-6-(3-pyridylmethyl)-2,3 l 5-trimethylbenzene. This crude product was 
dissolved in dichloromethane (10 ml). Methyl 1-0-trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranuron- 
ate (1.4 g, 3 mmol) was added, and boron trifluoride diethyl ether (0.2 ml) was added under ice-cooling. The 
mixture was stirred at the same temperature for 30 minutes. Then water (1 0 ml) containing sodium bicarbonate 
(1 g) was added, and the mixture was stirred for 5 minutes. The dichloromethane layer was separated and 

35 concentrated under reduced pressure to obtain crude methyl 1-0-[1-acetoxy-6-(3-pyridylmethyl)-2,3,5-trime- 
thylphenyl]-2,3,4-tri-0-acetyl-p-D-glucopyranosiduronate. This crude product was dissolved in methanol (10 
ml), and 1N sodium hydroxide solution (10 ml) was added. The mixture was allowed to react at room temper- 
ature for 16 hours and concentrated under reduced pressure. The residue was extracted with ether, and the 
aqueous layer was subjected to Sephadex (trade mark) LH-20 column chromatography and eluted with water. 

40 The desired fraction was lyophilized to obtain the desired compound (200 mg). 
mp: 210°C (dec.) 





Elemental Analysis forC2iH 2 4N0 8 Na-1.5H 2 0 


45 


Calcd.: 


C.53.85; 


H,5.81; 


N.2.99 




Found : 


C54.12; 


H,6.07: 


N,2.95 



NMR (D 2 0) 5 (ppm): 2.1 55 (3H, s), 2.208 (3H, s), 2.261 (3H, s), 3.47S-3.750 (4H, m), 4.073 (2H, s), 4.679 
(1H, d, J=8Hz), 7.290-8.326 (4H, m). 

IR (KBr) v : 3410, 1610, 1055cm- 1 . 



Reference Example 3 



Disodium 1-O-[6^(11-carboxyundeca-5,10-diyn-1-tf 
nosiduronate 

6-(11-Carboxyundeca-5,10-diyn-1-yl)-2,3,5-trimethyl-1,4-benzoquinone (340 mg, 1mmol) was dissolved 
in ether (10 ml). A solution of diazomethane in ether was added under ice-cooling for methyl-esterification. 
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Nitrogen gas was introduced to remove excess diazomethane. Then water (5 ml) containing sodium hydrosul- 
f ite (400 mg, 2.3 mmol) was added, and the mixture was stirred for 1 hour. The ether layer was separated, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was dissolved 
in dichloromethane (5 ml), and tert-butylchlorodiphenylsilane (550 mg, 2 mmol) was added. Then imidazole 

5 (136 mg, 2 mmol) was added under a stream of nitrogen, and the mixture was stirred at 43°C for 16 hours. 
The reaction mixture was washed with water (5 ml), and the organic layer was dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to obtain crude 4-tert-butyldiphenylsilyloxy-6-(11- 
methoxycarbonylundeca-5,10-diyn-1-yl)-2,3,5-trimethylphenol. This crude product was dissolved in dichloro- 
methane (10 ml), and methyl 1-0-OT"chloroacetimidoyl-2,3,4-tri-0-acety1-a-[>glucopyranosiduro (1 g, 2.1 

10 mmol) was added. Boron trrfluoride diethyl ether (0.2 ml) was added under reduced pressure, and the mixture 
was stirred at the same temperature for 30 minutes. Then water (10 ml) containing sodium bicarbonate (1 g) 
] was added, and the mixture was stirred for 5 minutes. The dichloromethane layer was separated and concen- 
trated under reduced pressure. To the residue were added tetrahydrofuran (15 ml), methanol (10 ml) and 1N 
sodium hydroxide solution (20 ml), and the mixture was allowed to react at room temperature for 40 hours and 

is concentrated under reduced pressure. The residue was extracted with ether and the aqueous layer was sub- 
jected to Sephadex (trade mark) LH-20 column chromatography and eluted with water. The desired fraction 
was lyophilized to obtain the desired compound (290 mg) as white powder. 



Elemental Analysis for 




C27H320ioNa2*2.5H20 




Calcd.; 


C53.38; 


H.6.14 


Found : 


C53.40; 


H.6.34 



NMR (D 2 0) 6 (ppm): 1.54 (4H, m), 1.69 (2H, quintet), 2.15 (3H, s), 2.21 (3H, s), 2.23 (3H, s), 2.25-2.30 
(4H, m), 2.38 (2H, t), 2.74-2.84 (2H, m), 3.49 (1H, d), 3.59 (2H, m), 3.68 (1H, t), 4.69 (1H, d, J=7.6Hz). 
IR (KBr) v : 3400, 2230, 1580cm-'. 
SIMS (H 2 0+Glycerol): 563 (M+l), 585 (M+Na). 

SIMS (H 2 O+Glycerol+0.1NKJ): 563 (M+l), 579 (M-Na+K+I), 585 (M+Na), 601 (M+K). 

Reference Example 4 

Disodium 1-(>[6-(11-rarboxyundera-5,10^diyn^ 
nosiduronate 

6-(11-Carboxyundeca-5,1 0-diyn-1-yl)-2,3,5-trimethyl-1 ,4-benzoquinone (340 mg, 1 mmol) was dissolved 
in ether (10 ml). A solution of diazomethane in ether was added under ice-cooling for methyl-esterification. 
Nitrogen gas was introduced to remove excess diazomethane. Then water (5 ml) containing sodium hydrosul- 
f tte (400 mg, 2.3 mmol) was added, and the mixture was stirred for 1 hour. The ether layer was separated, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was dissolved 
in dichloromethane (5 ml), and tert-butylchlorodiphenylsilane (550 mg, 2 mmol) was added. Then imidazole 
(136 mg, 2 mmol) was added under a stream of nitrogen, and the mixture was stirred at 43°C for 16 hours. 
The reaction mixture was washed with water (5 ml), and the organic layer was dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to obtain crude 4-tert-butyldiphenylsilyloxy-6-(11- 
methoxycarbonylundeca-5,10-diyn-1-yl)-2,3,5-trimethyl phenol. This crude product was dissolved in dichloro- 
methane (5 ml), and pyridine (0.1 ml, 1.2 mmol) followed by acetyl chloride (0.08 ml, 1.1 mmol) was added 
with stirring under ice-cooling. The mixture was stirred at the same temperature for 30 minutes and washed 
with water (5 ml). The dichloromethane layer was concentrated under reduced pressure. The residue was dis- 
solved in tetrahydrofuran (8 ml), and tetrabutylammonium fluoride trihydrate (731 mg, 2 mmol) was added. The 
mixture was stirred at room temperature for 30 minutes. The reaction mixture was concentrated under reduced 
pressure, and the residue was dissolved in ether and washed with water. The ether layer was dried over an- 
hydrous magnesium sulfate and concentrated under reduced pressure to obtain crude 1-acetoxy-4-hydroxy- 
6-(11-methoxycarbonylundeca-5,10-diyn-1-yl)-2,3,5-trimethylbenzene. This crude product was dissolved in 
dichloromethane (10 ml). Methyl 1-0-trichloroacetimidoyl-2,3,4-tri-0-acetyl-a-D-glucopyranosiduronate (1.4 
g, 3 mmol) was added, and boron trifluoride diethyl ether (0.2 ml) was added under Ice-cooling. The mixture 
was stirred at the same temperature for 30 minutes. Then water (10 ml) containing sodium bicarbonate (1 g) 
was added, and the mixture was stirred for 5 minutes. The dichloromethane layer was separated and concen- 
trated under reduced pressure to obtain crude methyl 1-O-[1-acetoxy-6-(11-methoxycaroonylundeca-5,10-d 
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iyn-1-yl)-2,3,5-trimethylphenyl]-2,3,4-tri-0-acetyl-p-D-glucopyranosiduronate. This crude product was dis- 
solved in methanol (10 ml), and 1N sodium hydroxide solution (10 ml) was added. The mixture was allowed to 
react at room temperature for 16 hours and concentrated under reduced pressure. The residue was extracted 
with ether, and the aqueous layer was subjected to Sephadex (trade mark) LH-20 column chromatography 
5 and eluted with water. The desired fraction was lyophilized to obtain the desired compound (265 mg). 



Elemental Analysis for 




C27H32O 10 Na2-2.5H2O 




Calcd.: 


C.53.38; 


H.6.14 


Found : 


C.53.65; 


H.5.84 



NMR (D 2 0) 8 (ppm): 1.56 (4H, m), 1.69 (2H, quintet), 2.15 (3H, s), 2.33 (3H, s), 2.28 (3H, s), 2.20-2.30 
(4H, m), 2.38 (2H, t), 2.67 (2H, br.t), 3.50 (1H, d), 3.59 (2H, m), 3.69 (1H, t), 4.68 (1H, d, J=7.8Hz). 
15 IR (KBr): v 3400, 2220, 1 580crrr 1 . 

SIMS (H 2 0+Glycerol): 563 (M+l), 585 (M+Na). 

SIMS (H 2 O+Glycerol+0.1NKJ): 563 (M+l), 579 (M-Na+K+I), 585 (M+Na), 601 (M+K). 
Reference Example 5 

20 

Sodium 2,3-dimethoxy-1 -hydroxy-6-(1 0-hydroxydecyl)-5-methylphenyi-4-sulfate 
1-Acetoxy-6-(1f>acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methyl benzene (2.1 g) obtained in Example 
A-5 was dissolved in dimethylformamide (10 ml). Sulfur trioxidepyridine complex (1 .6 g) was added, and the 
mixture was allowed to react at room temperature for 5 hours followed by removal of dimethylformamide under 
reduced pressure. The residue was dissolved in methanol (20 ml), and 1N sodium hydroxide solution (25 ml) 
was added. The mixture was heated at 50°C for 10 minutes. After concentration under reduced pressure, the 
residue was subjected to Amber lite (trade mark) XAD-II column chromatography and eluted wit h water followed 
by 50% ethanol/water. The desired fraction was concentrated and lyophilized. The desired compound thus ob- 
3Q tained was dissolved in a small amount of methanol, and 10 fold amount of ethyl acetate was added for crys- 
tallization to obtain crystals (1.4 g). 
mp: 146-147°C (dec.) 



Elemental Analysis for 




Ci9H3iO B SNa 




Calcd.: 


C.51.57; 


HJ.06 


Found : 


C51.26; 


H,7.03 



40 NMR (D 2 0) 6 (ppm): 1 .21 (16H, br.s), 2.21 (3H, s), 2.55 (2H, t, J=7.90Hz), 3.54 (2H, t, J=6.60Hz), 3.81 

(3H, s), 3.88 (3H, s). 

IR (KBr) v : 1615, 1585, 1485, 1465, 1425, 1365, 1275, 1255, 1120, 1100, 1060, 1005, 950, 940, 790, 
755, 725, 675, 630, 610cnrr 1 . 

45 Reference Example 6 

Sod iu m 2,3-dimet hoxy-4-hydroxy-6-( 1 0-hydroxydecyl)-5-met hyl phenyl- 1 -sulfate 
6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (3.10 g) obtained in Ex- 
ample B-1 was dissolved in dimethylformamide (15 ml). Sulfur tri oxide- pyridine complex (1.6 g) was added, 
so and the mixture was stirred at room temperature for 5 hours. The reaction mixture was concentrated under 
reduced pressure. The residue was dissolved in methanol (20 ml), 1N sodium hydroxide solution (25 ml) was 
added, and the mixture was stirred at room temperature for 3 days. The solvent was distilled off under reduced 
pressure, and the residue was extracted with ether. The aqueous layer was subjected to Amberlite (trade mark) 
XAD-II column chromatography and eluted with water followed by 50% ethanol/water. The desired fraction was 
55 concentrated and then lyophilized. The desired compound thus obtained was crystallized from methanol/ethyl 
acetate to obtain crystals (1 .3 g). 
mp: 136-137°C. 
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Elemental Analysis for 




C 19 H 31 O 8 SNa0.5H 2 O 




Calcd.: 


C.50.54; 


H.7.14 


Found : 


C.50.79; 


H.7.10 



NMR (D 2 0) 8 (ppm): 1.10-1 .60 (16H, m), 2.11 (3H, s), 2.70 (2H, t, J=7.9Hz), 3.55 (2H, t, J=6.6Hz), 3.82 
(3H, s), 3.89 (3H, s). 

10 IR (KBr) v : 3400, 2925, 2850, 1480, 1460, 1425, 1380, 1365, 1255, 1220, 1115, 1095, 1040, 1000, 960, 

930, 790, 770, 590cm- 1 . 

Reference Example 7 

15 Sodium 2,3-dimet hoxy-4-hydroxy-6-( 1 0-hydroxydecyl)- 5-met hyl phenyl- 1 -sulfate 

2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methylbenzoquinone (3.38 g, 10 mmol) was dissolved in dichloro- 
methane (50 ml). Pyridine (1 ml) followed by acetyl chloride (0.8 ml) was added with stirring under ice-cooling, 
and the mixture was stirred for 1 hour. Water (5 ml) was added to the reaction mixture which was then stirred 
for 20 minutes. Then sodium hydrosulfite (4 g) was added, and the mixture was stirred at room temperature 

20 for 2 hours. The dichloromethane layer was separated, dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure. The residue was dissolved in dichloromethane (50 ml), and tert- 
butylchlorodiphenylsilane (5.5 g, 20 mmol) and imidazole (1 .36 g, 20 mmol) were added. The mixture was stir- 
red at 43°C for 16 hours under a stream of nitrogen. The reaction mixture was washed with water, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure to obtain crude 6-(10-acetoxydecyl)- 

25 4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methyiphenol. The concentrate was dissolved in dimethylforma- 
mide (1 5 ml). Sulfur trioxide-pyridine complex (3.2 g, 20 mmol) was added, and the mixture was stirred at room 
temperature for 5 hours. The reaction mixture was concentrated under reduced pressure. The residue was dis- 
solved in methanol (40 ml), and 1 N sodium hydroxide solution (60 ml) was added. The mixture was allowed to 
react for 16 hours. Methanol was distilled off under reduced pressure, and the residue was extracted with ether. 

30 The aqueous layer was subjected to Amberlite (trade mark) XAD-II column chromatography and eluted with 
water followed by 50% ethanol/water. The desired fraction was concentrated and lyophilized to obtain the de- 
sired compound (2.8 g). 

Reference Example 8 

35 

Sodium 2,3-dimethoxy-1-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl-4-sulfate 
2,3-Dimethoxy-6-(1 0-hydroxydecyl)-5-met hyl benzoqui none (3.38 mg, 1 0 mmol) was dissolved in dichloro- 
methane (50 ml). Pyridine (1 ml) followed by acetyl chloride (0.8 ml) was added with stirring under ice-cooling. 
The mixture was stirred for 1 hour. Water (50 ml) was added to the reaction mixture which was then stirred for 

40 20 minutes. Then sodium hydrosulfite (4 g) was added, and the mixture was stirred at room temperature for 2 
hours. The dichloromethane layer was separated, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was dissolved in dichloromethane (50 mi), and tert- 
butylchlorodiphenylsilane (5.5 g, 20 mmol) and imidazole (1 .36 g, 20 mmol) were added. The mixture was stir- 
red at 43°C for 16 hours under a stream of nitrogen. The reaction mixture was washed with water, dried over 

45 anhydrous magnesium sulfate and concentrated under reduced pressure to obtain crude 6-(10-acetoxydecyl)- 
4-tert-butyl diphenylsilyloxy-2,3-dimethoxy-5-methylphenol. The concentrate was dissolved in dichlorome- 
thane (1 00 ml). Triethylamine (2 ml) followed by acetyl chloride (0.8 ml) was added, and the mixture was stirred 
for 30 minutes. The reaction mixture was washed with water and concentrated under reduced pressure. The 
residue was dissolved in tetrahydroluran (50 ml), and tetrabutylammonium fluoride trihydrate (1 .3 g, 50 mmol) 

so was added. The mixture was stirred at room temperature for 30 minutes. The reaction mixture was concentrated 
under reduced pressure, and the residue was dissolved in dichloromethane, washed with water and then dried 
over anhydrous magnesium sulfate. The dichloromethane layer was concentrated under reduced pressure to 
obtain crude 1-acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methylbenzene. This crude product 
was dissolved in dimethylformamide (1 5 ml). Sulfur trioxidepyridine complex (6.4 g, 40 mmol) was added, and 

55 the mixture was allowed to react for 5 hours at room temperature. The reaction mixture was concentrated under 
reduced pressure. The residue was dissolved in methanol (40 ml), 1N sodium hydroxide solution (30 ml) was 
added, and the mixture was stirred at room temperature for 16 hours. The reaction mixture was concentrated 
under reduced pressure, and the residue was extracted with ether. The aqueous layer was subjected to Am- 
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berlite (trade mark) XAD-II column chromatography and eluted with water followed by 50% ethanol/water. The 
desired fraction was lyophilized to obtain the desired compound (2.4 g). 

Example A-11 

5 

Sodium 4-hydroxy-6-(3-pyridyimethyl)-2 p 3 p 5-trimethylphenyl-1 -sulfate 
S^S-Pyridylmethyl^.S.S-trimethyl-l.^benzoquinone (2.41 g, 10 mmol) was dissolved in dichlorome- 
thane (50 ml). The solution was stirred with water (50 ml) containing sodium hydrosulf ite (4 g) for 2 hours. Ac- 
cording to the same manner as that described in Reference Example 7, the mixture was subjected to tert- 
10 butyldiphenylsilylation, sulfonation and hydrolysis to obtain the desired compound (2.11 g). 
mp: 210-215°C (dec.) 





Elemental Analysis for C 15 Hi 6 NO 5 SNa*0.9H2O 


15 


Calcd.: 


C.49.83; 


H,4.96; 


N.3.87 




Found : 


C.50.03; 


H.5.01; 


N.3.91 



NMR (D2) 5 (ppm): 2.164 (3H, s), 2.195 (3H ( s), 2.259 (3H, s), 4.079 (2H, s), 7.318-8.326 (4H, m). 
IR (KBr) v : 3450, 1630, 1245, 1Q40cm-i 

Reference Example 9 

Sodium 4- hydroxy-6-(12-hydroxydodeca-5,1f>diyn-1-yl)-2,3,5-trimethylphenyl-1 -sulfate 
6-(12-Hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethyl-1 ,4-benzoquinone (3.26 g, 10 mmol) was treated accord- 
ing to the same manner as that described in Reference Example 7 to obtain the desired compound (3.05 g). 



Elemental Analysis for 




C 2 iH 2 70 6 SNa.1.5H 2 0 




Calcd.: 


C55.13; 


H,6.61 


Found : 


C.55.33; 


H.6.37 



NMR (CDCI3+CD3OD) 8 (ppm): 1.35-1.83 (6H, s), 2.12 (3H, s), 2.17 (3H, s), 2.26 (3H, s), 2.00-2.43 (6H, 
35 m), 2.86 (2H, m), 4.1 6 (2H, t, J=2Hz). 

IR (KBr) v : 3440, 1240, 1035cm-i. 

Example A-1 2 

40 Sodium 1-hydroxy-6-(3-pyridylmethyl)-2,3,5-trimethylphenyl-4-sulfate 

6-(3-Pyridylmethyl>-2,3,5-trimethyl-1 ,4-benzoquinone (2.41 g, 10 mmol) was dissolved in dichlorome- 
thane (50 ml). The solution was stirred with water (50 ml) containing sodium hydrosulf ite (4 g) for 2 hours. The 
hydroquinone thus obtained was treated according to the same manner as that described in Reference Ex- 
ample 8 to obtain the desired compound (1.95 g). 

45 mp: 182-193°C. 





Elemental Analysis for C 15 H 16 N0 5 SNa-1.2H 2 0 




Calcd.: 


C.49.10; 


H.5.05; 


N.3.82 


50 


Found : 


C49.12; 


H.5.12; 


N.3.84 



NMR (D 2 0) 6 : 2.054 (3H, s), 2.180 (3H, s>, 2.257 (3H, s), 4.254 (2H, s), 7.288-8.300 (4H, m). 
IR (KBr) v : 3440, 1635, 1245, 1030cm-i. 

Reference Example 10 

Sodium 1-hydroxy-6-(12-hydroxydodeca-5,10-diyn-1-yl)-2,3,5-trimethylphenyi-4-sulfate 
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6-(12-Hydroxydodeca-5J0KJiyrh1-yl>-2 f 3 t 5-trimethyi-1 f 4-benzoquinone (3.26 g t 10 mmd) was treated ac- 
cording to the same manner as that described in Reference Example 8 to obtain the desired compound (2.88 g). 



5 



Elemental Analysis for 




Cj^OeSNaLSHaO 




Calcd.: 


C.55.13; 


H.6.61 


Found : 


C t 54.88; 


H,6.35 



NMR (CDCI3+CD3OD) 6 (ppm): 1 .35-1.83 (6H, m), 2.12 (3H, s), 2.26 (3H, s), 2.31 (3H f s), 2.00-2.43 (6H, 
m), 2.62 (2H f m), 4.16 (2H, t, J=2Hz). 

IR (KBr) v : 3460, 1235, 1Q40cm-'. 

Example A- 13 
15 

Sodium 2,3-dimethoxy-4-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl-1-phosphate 
6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (6 g, 10 mmol) obtained 
in Example B-1 was dissolved in toluene (50 ml), and phosphorus oxychloride (4.8 ml) was added. Pyridine 
(1.6 ml) was added with stirring under ice-cooling, and then the mixture was stirred at room temperature for 
2 hours. The mixture was concentrated under reduced pressure, and ice water (50 ml) and ethyl acetate (50 
ml) were added to the residue. The organic layer was separated and concentrated under reduced pressure. 
The residue was dissolved by adding tetrahydrofuran (30 ml) and methanol (70 ml) thereto. 1N Sodium hy- 
droxide solution (100 ml) was added under ice-cooling, and then the mixture was stirred at room temperature 
overnight. The solvent was distilled off under reduced pressure, acetic acid (6 ml) was added, and the mixture 
was extracted with hexane. The aqueous layer was subjected to Amberlite (trade mark) XAD-II column chro- 
matography and eluted with water followed by 50% methanol/water. The desired fraction was concentrated and 
lyophilized, and ethanol (2 ml) was added to the powder thus obtained for crystallization. The crystals were sepa- 
rated by filtration, washed with ethyl acetate followed by hexane to obtain the desired compound (1.58 g). 



mp: 1 63.7-1 65°C. 

30 





Elemental Analysis for C^H^OePNa 




Calcd.: 


C,51.58; 


H.7.29; 


PJ.00 


35 


Found : 


C.51.33; 


H.7.46; 


P.6.75 



NMR (D 2 0) 5 (ppm): 1.20-1.60 (16H, m), 2.17 (3H, s), 2.67 (2H, m), 3.61 (2H t t, J=6.6Hz), 3.88 (3H, s), 
3.91 (3H, s). 

IR (KBr) v : 3540, 2925, 2850, 1480, 1470, 1455, 1435, 1380, 1370, 1205, 1125, 1100, 1055, 945, 930, 
40 805, 535cm- 1 . 

Example A- 14 

Sodium 2,3-dimethoxy-1-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl-4-phosphate 
45 1-Acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methyl benzene (4.2 g, 10 mmol) obtained in 

Example A- 5 was dissolved in toluene (15 ml), and phosphorus oxychloride (1.9 ml, 20 mmol) was added. Pyr- 
idine (1.6 ml, 20 mmol) was added with stirring under ice-cooling, and then the mixture was stirred at room 
temperature for 2 hours. The reaction mixture was concentrated under reduced pressure, and ice water (50 
ml) and ethyl acetate (50 ml) were added to the residue. The organic layer was separated and concentrated 
50 under reduced pressure. Then the residue was dissolved in tetrahydrofuran (50 mi). 1 N Sodium hydroxide sol- 
ution (100 ml) was added under ice-cooling, and then the mixture was stirred at room temperature for 45 min- 
utes. The mixture was concentrated under reduced pressure, acetic acid (6 ml) was added to the residue, and 
the mixture was extracted with hexane. The aqueous layer was subjected to Amberlite (trade mark) XAD-II 
column chromatography and eluted with water followed by 50% methanol/water. The desired fraction was con- 
55 centrated and lyophilized. The white powder thus obtained was dissolved in methanol and concentrated for 
crystallization. The crystals were separated by filtration, washed with ethyt acetate followed by hexane to ob- 
tain the desired compound (2.0 g.). 
mp: 158-160°C. 
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Elemental Analysis fbrC^H^OePNa 




Calcd.: 


C.51.58; 


H,7.29; 


P.7.00 


5 


Found : 


C.51.56; 


H.7.38; 


P,7.01 



NMR(D 2 0)S (ppm): 1.20-1.60 (16H, m), 2.24 (3H, s), 2.61 (2H, m), 3.59 (2H, t, J=6.6Hz), 3.87 (3H, s), 
3.91 (3H, s). 

IR (KBr) v : 3525, 3400, 2925, 2850, 1480, 1460, 1430, 1370, 1190, 1120, 1060, 940, 805, 520cm-i. 

10 

Example A-1 5 

1-O-[2,3-Dimethoxy^-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl]-p-D-glutx)pyranoside 
6-(10-Acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (6.2 g) obtained in Ex- 

15 ample B-1 was dissolved in dichloromethane (40 ml). 0-(2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosyl)trichlor- 
oacetimidate (R. R. Schmidt et al., Angew. Chem. Int. Ed. Engl., 19, 731 (1980)) (6 g) was added, and the mix- 
ture was ice-cooled. Boron trifluoride diethyl ether (2 ml) was added with stirring, and the mixture was allowed 
to react at the same temperature for 30 minutes. Then water (50 ml) containing sodium bicarbonate (2 g) was 
added. The organic layer was separated and concentrated under reduced pressure. The residue was dissolved 

20 in tetrahydrofuran (50 ml), and tetrabutylammonium fluoride trihydrate (2 g) was added. The mixture was stirred 
for 30 minutes. After concentration under reduced pressure, the residue was subjected to column chromatog- 
raphy on silica gel and eluted with hexane/ethyl acetate (7:3). The eluate was concentrated under reduced pres- 
sure. The residue was dissolved by adding methanol (30 ml) and tetrahydrofuran (15 ml) thereto. 1N Sodium 
hydroxide solution (40 ml) was added, and the mixture was stirred at room temperature overnight. After con- 

25 centrating the reaction mixture under reduced pressure, ethyl acetate (200 ml) was added and 1 N hydrochloric 
acid solution (40 ml) was added under ice-cooling. The ethyl acetate layer was dried over anhydrous magne- 
sium sulfate, and the solvent was distilled off. The crystals thus obtained were separated by filtration and re- 
crystallized from methanol/ether to obtain the desired compound (1.2 g). 
mp: 163-165°C 



Elemental Analysis for 




C2 5 H 42 O 1(r 0.2H 2 O 




Calcd.: 


C.59.32; 


H.8.44 


Found : 


C.59.34; 


H.8.63 



NMR (DMSO-de) 6 (ppm): 1.26 (16H, m), 2.03 (3H, s), 2.60 (2H, m), 3.72 (3H, s), 3.77 (3H, s), 4.27 (2H, 
m), 4.71 (1H, d, J=7.4Hz), 4.91 (1H, d, J=4.6Hz), 5.00 (1H, d, J=4.0Hz), 5.14 (1H, d, J=4.2Hz), 8.32 (1H, s). 
IR (KBr) v : 2930, 2860, 1470, 1435, 1395, 1390, 1370, 1110, 1065, 1040, 1020, 1000, 970, 925, 895, 
40 650, 620crrH. 

[a] D 25=-18.7° (c=1.215, MeOH) 

Example A-1 6 

4 1-O-[2,3-Dimethoxy-1-hydroxy-6-(10-hydroxydecyl)-5-methylphenyl]-p-D-glucopyranoside 

1-Acetoxy-6-(10-acetoxydecyl)-2,3-dimethoxy-4-hydroxy-5-methylbenzene (2.1 g) obtained in Example 
A-5 was dissolved in dichloromethane (20 ml). 0-(2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosyl)trichloroacetimi- 
date (3 g) was added, and the mixture was ice-cooled. Boron trifluoride diethyl ether (1 ml) was added with 

^ stirring, and the mixture was allowed to react at the same temperature for 30 minutes. Then water (20 ml) con- 
taining sodium bicarbonate (0.5 g) was added. The organic layer was concentrated under reduced pressure. 
The residue was dissolved in methanol (10 ml), 1N sodium hydroxide solution (10 ml) was added, and the mix- 
ture was stirred at room temperature overnight. After concentration under reduced pressure, 1N hydrochloric 
acid solution (10 ml) was added under ice-cooling, and the mixture was extracted with ethyl acetate. The or- 

55 ganic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 
the desired compound as crystals (1 .2 g). 
mp:130-131°C 
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Elemental Analysis for C^H^Oio 


Calcd.: 
Found : 


C.59.74; 
C.59.42; 


H.8.42 
H.8.53 



NMR (CDCI 3 -DMSO-d 6 ) 5 (ppm): 1.29 (16H, br.s), 2.23 (3H, s), 3.88 (3H, s), 3.90 (3H. s), 4.42 (2H, m), 
4.61 <1H, d, J=7.0Hz) t 6.58 (1H, s). 

IR (KBr) v : 2930, 2860, 1470, 1430, 1370, 1310, 1100, 1070, 1000cm- 1 . 
10 [a] D 25=-16.2° (c=0.993, MeOH) 

Example A-1 7 

2 f 3-Dimethoxy^-hydroxy-6-(10-hydroxydecyl)-5-methyl-1-(4-pyridylmethyloxy)benzene hydrochlor- 

15 ide 

A mixture of 6-(10-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methylphenol (3.70 g) ob- 
tained in Example B-1, 4-chloromethylpyridine hydrochloride (1.96 g), potassium carbonate (5.00 g) and di- 
methylformamide (30 ml) was stirred at room temperature for 16 hours. Water was added to the reaction mix- 
ture, and the mixture was extracted with ethyl acetate. The organic layer was concentrated under reduced pres- 

20 sure, and the residue was dissolved in tetrahydrofuran (30 mi). Tetrabutylammonium fluoride trihydrate (1 g) 
was added, and the mixture was stirred at room temperature for 1 hour. The mixture was concentrated under 
reduced pressure. Methanol (50 ml) and 1N sodium hydroxide solution (10 ml) were added to the residue, and 
the mixture was stirred at room temperature for 16 hours. After concentration, the residue was subjected to 
column chromatography on silica gel and eluted with ethyl acetate. The desired fraction was concentrated. The 

25 residue was dissolved in ethanol (30 ml), and cone, hydrochloric acid (0.7 ml) was added. The crystals obtained 
after concentration under reduced pressure were separated by filtration and washed with ether to obtain the 
desired compound (1.2 g). 
mp: 145-147°C 



30 


Elemental Analysis for(^ 5 H37NO 6 HCI0.1H 2 O 




Calcd.: 


C.63.91; 


H.8.20; 


N.2.98 




Found : 


C.63.85; 


H,8.39; 


N.2.96 



*° NMR (DMSO-de) 5 (ppm): (16H, s), 2.06 (3H, s), 3.36 (2H, t, J=6.6Hz), 3.73 (3H, s), 3.77 (3H, s), 5.19 

(2H, s), 8.06 (2H, d, J=6.0Hz), 8.93 (2H, d, J=6.0Hz). 

IR (KBr) v : 3325, 2925, 2850, 1640, 1600, 1510, 1470, 1430, 1380, 1360, 1120, 1100, 1050, 970, 
800cnrr 1 . 

40 Example A-1 8 

2,3-Dimethoxy-6-(10-hydroxydecyl)-4-(2-pyridylmethyloxy)-5-methylphenol hydrochloride 
A mixture of l-acetoxy-e-tlO-acetoxydecyl^.S-dimethoxy^hydroxy-S-methylbenzene (2.1 g) obtained 
in Example A-5, 2-chloromethylpyridine hydrochloride (2 g), potassium carbonate (5 g) and dimethylformamide 
45 (15 ml) was stirred at room temperature for 1 6 hours. The reaction mixture was poured into water, and the mix- 
ture was extracted with ethyl acetate. The organic layer was concentrated under reduced pressure, and the 
residue was dissolved in methanol (20 ml). Aqueous 1N sodium hydroxide solution (20 ml) was added, and 
the mixture was stirred at room temperature overnight. The reaction mixture was concentrated under reduced 
pressure. The residue was subjected to column chromatography on silica gel and eluted with ethyl acetate, 
and the eluate was concentrated. The residue was dissolved by adding ethanol (30 ml), and cone, hydrochloric 
acid (0.7 ml) was added. The crystals obtained after concentration under reduced pressure were separated 
by filtration using ether to obtain the desired compound (1 .7 g). 
mp: 127-130°C 

55 
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Elemental Analysis forC^h^NCVHCI-O.II-^O 


Calcd.: 
Found : 


C.63.91; 
C t 63.84; 


H.8.20; 
H,8.27; 


N.2.98 
N.2.96 



NMR (DMSOde) 5 (ppm): 1.26 (16H, s), 2.08 (3H, s), 3.37 (2H, t, J=6.6Hz), 3.72 (3H, s), 3.76 (3H, s), 
5.11 (2H, s), 7.70-8.80 (4H, m). 

IR (KBr) v : 2925, 2850, 1635, 1620, 1540, 1475, 1460, 1420, 1360, 1120, 1100, 1060, 1005, 965, 
10 770cm- 1 . 

Reference Example 11 

2,3-Dimethoxy-5-methyl-6-(10-trityloxydecyl)hydroquinone 

15 2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methylbenzoquinone (33.8 g) was dissolved in dlchloromethane 
(250 ml). Trityl chloride (30 g) followed by triethyl amine (10 g) was added, and the mixture was stirred at room 
temperature overnight Then water (250 ml) containing sodium hydrosulf ite (40 g) was added, and the mixture 
was stirred at room temperature for 1 hour. The organic layer was separated, dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to obtain the desired compound (80.4 g). 

20 NMR (CDCI 3 ) 6 (ppm): 1.25 (16H, br.s), 2.15 (3H, s), 2.60 (2H, t, J=7.9Hz). 3.88 (6H, s), 5.25-5.32 (4H, 

m), 7.21-7.46 (15H, m). 

Example B-3 

25 4-tert-Butyldiphenylsilyloxy-2,3-dimethoxy-5-methyi-6-(10-trityloxydecyi)phenol 

2,3-Dimethoxy-5-methyl-6-(10-trityloxydecyl)hydroquinone (80.4 g) was dissolved in dichloromethane 
(250 ml). tert-Butyichlorodiphenylsilane (26 ml) and imidazole (6.8 g) were added, and the mixture was stirred 
at 40°C for 21 hours. The reaction mixture was washed with water, dried over anhydrous magnesium sulfate 
and concentrated. The residue was subjected to column chromatography on silica gel and eluted with hexane/ 
30 ethyl acetate (9:1) to obtain the desired compound (40 g). 

NMR (CDCI3) 6 (ppm): 1.26 (16H, br.s), 2.26 (3H, s), 2.59 (2H, t, J=7.9Hz), 2.90 (3H, s), 3.88 (3H, s), 
3.04 (2H, t, J=6.6Hz), 5.29 (1H, s), 7.15-7.80 (15H, m). 

IR (KBr) v : 3500, 2925, 2850, 1740, 1590, 1460, 1425, 1380, 1265, 1190, 1100, 1060, 970, 825, 745, 
700crrr 1 . 

35 

Example B-4 

1-tert-Butoxycarbonyloxy-2,3-dimethoxy-4-hydroxy-5-methyl-6-(10-trityloxydecyl)benzene 
Amixture of 4-tert-butyldiphenylsilyloxy-2,S-dimethoxy-5-methyi-6-(10-trityloxydecyl)phenol (8 g), dhtert- 
40 butyl dicarbonate (3 g), triethylamine (1 g) and dichloromethane (20 ml) was stirred at 40°C for 1 6 hours. After 
concentration under reduced pressure, the residue was dissolved in tetrahydrofuran (30 ml). Tetrabutyl ammo- 
nium fluoride trihydrate (2 g) was added, and the mixture was stirred at room temperature for 15 minutes. The 
solvent was distilled off under reduced pressure, and the residue was subjected to column chromatography 
on silica gel and eluted with hexane/ethyl acetate (7:3) to obtain the desired compound (10 g). 
45 NMR (CDCI3) 6 (ppm): 1.15-1.70 (16H, s), 1.55 (9H, s), 2.15 (3H, s>, 2.48 (2H, t, J=7.9Hz), 3.03 (2H, t, 

J=6.6Hz), 3.58 (3H, s), 3.90 (3H, s), 5.70 (1H, s), 7.15-7.75 (15H, m). 

Example A-1 9 

50 2,3-Dimethoxy-6-(1 0-hydroxydecyl)-5-methyt-4-nicotinoyloxyphenol hydrochloride 

Nicotinoyl chloride hydrochloride (2 g) was added under ice-cooling to a mixture of 1-tert- 
butoxycarbonyloxy-2,3-dimethoxy-4-hydroxy-6-(10-trityloxydecyl)-5-methylbenzene (10 g), triethylamine (2 
g) and dichloromethane (30 ml), and the resulting mixture was stirred at room temperature for 1 hour. The re- 
action mixture was washed with water followed by an aqueous solution of sodium bicarbonate, dried over an- 

55 hydrous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column 
chromatography on silica gel and eluted with ethyl acetate/hexane (1:1) to obtain 1-tert-butoxycarbonyloxy- 
2,3-dimethoxy-6-(10-trityloxydecyl)-5-methyl-4-nicotinoyloxybenzene (5.1 g). This compound was dissolved 
in methanol (35 ml). Concentrated hydrochloric acid (2 ml) was added, and the mixture was headed under reflux 
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for 30 minutes. The mixture was concentrated under reduced pressure. Ether was added to the residue which 
was then separated by filtration to obtain the desired compound (2.9 g). 
mp: 135-140°C (HCI salt), mp: 84-85°C (free compound). 



5 


Elemental Analysis forC^H^NCVHCI 




Calcd.: 


C.62.30; 


H f 7.53; 


N.2.91 




Found : 


C.62.08; 


H.7.54; 


N.2.90 



NMR (DMSO-d 6 ) 5 (ppm): 1.26 (16H, br.s), 2.01 (3H, s) ( 3.37 (2H, t, J=6.6Hz), 3.72 (3H, s), 3.74 (3H, 
s), 7.70-9.35 (4H, m). 

IR(KBr) v: 2925, 2860,2400,2120, 1980, 1760, 1615, 1470, 1430, 1380, 1295, 1250, 1190, 1110, 1080, 
1050, 1010, 740crrH. 

Example A-20 

2,3-Dimethoxy-6-(10-hydroxydectyl)-5-methy^ 
2,3-Dimethoxy-6-(10-hydroxydecyl)-5-methyl-4-nicotinoyloxyphenol (1.1 g) was dissolved in dimethylfor- 
mamide (5 ml), lodomethane (0.3 ml) was added, and the mixture was allowed to react at room temperature 
for 16 hours. After concentration under reduced pressure, the residue was dissolved in ethyl acetate (20 ml). 
Water (20 ml) containing sodium hydrosulfite (1.74 g) and sodium bicarbonate (1.26 g) was added, and the 
mixture was stirred at room temperature for 1 hour. The organic layer was concentrated under reduced pres- 
sure, and the residue was subjected to column chromatography on silica gel and eluted with ethyl acetate to 
obtain the desired compound (1.1 g) as an oil. 





Elemental Analysis for C26H39NO 6 -0.5H 2 O 




Calcd.: 


C.66.36; 


H,8.57; 


N,2.98 


30 


Found : 


C.66.40; 


H.8.87; 


N,3.04 



NMR (CDCI 3 ) 8 (ppm): 1.30-1.53 (16H, m), 2.03 (3H, s), 2.30 (3H, s), 2.59 (2H, t, J=8.4Hz), 3.24 (2H, t, 
J=1.6Hz), 3.63 (2H, t, J=6.5Hz), 3.81 (3H, s), 3.91 (3H, s), 4.85 (1H, m), 5.69 (1H, dd, J=1 ,6,8Hz), 7.24 (1H, 
d, J=1.6Hz). 

35 IR (KBr) v : 2910, 2850, 1730, 1700, 1670, 1590, 1460, 1420, 1370, 1280, 1250, 1170, 1095, 1030, 

715crrr 1 . 

Example A-21 

40 2,3-Dimethoxy-4-hydrc*y-6-(1f>hydro 
benzene 

A mixture of 4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-6-(10-tirityloxydecyi)-5-methyl phenol (4 g) ob- 
tained in Example B-3, nicotinoyl chloride hydrochloride (1 g), triethylamine (1.5 g) and dichloromethane (20 
ml) was allowed to react at room temperature for 16 hours. Then methanol (50 ml) and cone, hydrochloric acid 

45 (3 ml) were added to the reaction mixture, and the mixture was heated under ref luxfor 30 minutes. The reaction 
mixture was concentrated under reduced pressure, and the residue was dissolved in ethyl acetate and washed 
with an aqueous solution of sodium bicarbonate. The organic layer was concentrated under reduced pressure, 
and the residue was dissolved in tetrahydrofuran (30 ml). Tetrabutylammonium fluoride trihydrate (1.2 g) was 
added, and the mixture was stirred at room temperature for 1 hour. The solvent was distilled off under reduced 

so pressure. The residue was dissolved in dimethylformamide (5 ml), and iodomethane (0.6 ml) was added fol- 
lowed by reaction at room temperature for 16 hours. After concentration under reduced pressure, the residue 
was dissolved in ethyl acetate (30 ml). Water (30 ml) containing sodium hydrosulfite (3.5 g) and sodium bicar- 
bonate (2.5 g) was added, and the mixture was stirred at room temperature for 1 hour. The organic layer was 
concentrated under reduced pressure. The residue was subjected to column chromatography on silica gel and 

55 eluted with ethyl acetate/hexane (1:1) to obtain the desired compound (1.0 g) as an oil. 
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Elemental Analysis for C^H^NOeO.Sh^O 




Calcd.: 


C t 66.36; 


H.8.57; 


N.2.98 


5 


Found : 


C,66.34; 


H,9.02; 


N.2.89 



NMR (CDCI3) 8 (ppm): 1.26-1.55 (16H, m), 2.16 (3H, s), 2.43 (2H, m) f 2.99 (3H, s), 3.24 (2H, br.s), 3.64 
(2H, t, J=6.5Hz), 3.81 (3H, s), 3.92 (3H, s), 4.86 (1H, m), 5.65-5.80 (1H, m>, 7.24 (1H, d, J=1.4Hz>. 

IR (KBr) v : 3400, 2910, 2850, 1730, 1700, 1670, 1580, 1460, 1420, 1380, 1315, 1260, 1160, 1100, 1040, 
10 715cm- 1 . 

Example B-5 

4-tert-Butyldiphenylsilyloxy-1-hydroxy-6-(6-m^ 

15 6-(6-Carboxy-1-phenylhexyl)-2,3,5-trimethylbenzoquinone (29 g) was suspended in ether (500 ml). Dia- 

zomethane/ether solution was added until the raw material was disappeared on thin-layer chromatography. 
Then the ether layer was washed with water, dried over anhydrous sodium sulfate and concentrated. The con- 
centrate was subjected to short column chromatography using silica gel (500 ml) and eluted with hexane/di- 
chloromethane (1:1) to obtain 6-(6-methoxycarbonyl-1-phenylhexyl)-2,3,5-trimethylbenzoquinone (25.5 g) as 

20 an orange oil. This oil was dissolved in ether (200 ml) and stirred at room temperature for 1 .5 hours with a 
solution containing sodium hydros ulf ite (52 g) in water (200 ml). The ether layer was separated and washed 
with saturated brine, dried over anhydrous sodium sulfate and concentrated to obtain 6-(&-methoxycarbonyl- 
1-phenylhexyl)-2,3,5-trimethylhydroquinone (25.5 g). Then this compound was dissolved in dichloromethane 
(35 ml), imidazole (9.37 g, 2 eq.) was added, tert-butyldiphenylsilyl chloride (28.36 g, 1 .5 eq.) was added drop- 

25 wise with stirring at room temperature and the mixture was allowed to react overnight. The deposited imidazole 
hydrochloride was filtered off, and the filtrate was concentrated. The concentrate was subjected to column 
chromatography on silica gel (800 ml) and eluted with dichloromethane/hexane (2:1) to obtain the desired com- 
pound as a pale yellow viscous oil (46 g). 



30 



Elemental Analysis for C^H^C^Si 


Calcd.: 
Found : 


C.76.93; 
C.76.97; 


H, 7.95 
H.8.14 



NMR (CDCI3) 5 (ppm): 1.04-2.29 (10H, m>, 1.13 (9H, s>, 1.96 (6H, s), 2.03 (3H, s), 3.64 (3H, s), 4.21 
(1H, t, J=7Hz), 7.14-7.74 (15H, m). 
IR (film) v : 3530, 1740crrri. 

Example A-22 

Monosodium e-je-carboxy-l-phenylhexylH-hydroxy^.S.S-trimethylphenyl-l -sulfate monotetra-n-bu- 
tylammonium salt 

4-tert-Butyldiphenylsilytoxy-1-hydroxy-6-(6-methoxy^ 
(660 mg, 1.08 mM) was dissolved in dimethylformamide (5 ml). Sulfur trioxide pyridine complex (650 mg, 4.08 
mM) was added, and the mixture was allowed to react at room temperature for 2 days. The reaction mixture 
was added to a mixture of methanol (20 ml) and 2N sodium hydroxide solution (8 ml) under ice-cooling with 
stirring, and then the mixture was allowed to react at room temperature for 2 hours. The mixture was stirred 
for 30 minutes while adding dry ice powder (20 g) little by little. The reaction mixture was concentrated to dry- 
ness, and tetrahydrofuran (30 ml), water (5 ml) and tetra-n- butyl ammonium fluoride trihydrate (630 mg, 2.0 mM) 
were added to the residue. Then the mixture was allowed to react at room temperature for 2 hours. The reaction 
mixture was concentrated to dryness. The residue was subjected to MCI gel (trade mark) CHP-20P column 
chromatography eluting with 70% methanol and then Sephadex (trade mark) LH-20 column chromatography 
eluting with water and lyophilized to obtain the desired compound as colorless powder (59 mg). 

mp: 130-139°C 
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Elemental Analysis for CssHwNOySNa^.lHaO 


Calcd.: 
Found : 


C58.98; 
C.58.80; 


H, 9.14; 
H, 8.97; 


N.1.81 
N,1.53 



NMR (CD 3 OD) 8 (ppm): 1.01 (9H, t, J=7Hz), 1.30-2.15 (22H, m), 1.69 (3H f s), 2.15 (3H, s), 2.35 (3H, s), 
3.17-3.33 (6H, m), 5.16 (1H, t, J=8Hz) f 7.00-7.34 (5H, m). 
IR (KBr) v : 3420, 1570, 1250crrr'. 

10 

Example A-23 

Monosodium 6-(6-rart)oxy-1-phenylhexyl)-4-hydrox 
Monosodium 6-(6-carboxy-1-phenylhexyl)-4-hydroxy-2,3,5-trimethylphenyl-1 -sulfate monotetra-n-buty- 
15 lammonium salt (30 mg, 0.0429 mM) was dissolved in water (1 5 ml). The solution was subjected to strong acid 
type ion exchange resin (manufactured by Bio-Rad, AG50W-X8, 100-200 mesh; Na type) column (<f> 3 x 7 cm) 
and eluted with water (200 ml). The desired fraction was concentrated. The residue was subjected to Sephadex 
(trade mark) LH-20 column chromatography, eluted with water and lyophilized to obtain the desired compound 
as colorless powder (16 mg). 
20 mp: 195-199°C. 





Elemental Analysis for C^r^eOySNaS.Sh^O 




Calcd.: 


C50.14; 


H, 6.62; 


S,6.08 


25 


Found : 


C.49.94; 


H, 6.50; 


S,6.08 



NMR (CD3OD) 8 (ppm): 1.10-2.29 (8H, m), 1 .69 (3H, s), 2.15 (3H, s), 2.34 (3H, s), 5.16 (1H, t, J=8Hz), 
7.00-7.33 (5H, m). 

IR (KBr) v : 3440, 1615, 1560, 1240crrH. 

30 

Example A-24 

Disodium 6-(6-carboxy-1-phenylhexy1)-4-hydro^ 
4-tert-Butyldiphenylsilyloxy-1-hydroxy-6-(6-methoxycarbonyl-1-phenylhexyl)-2,3,5-trimethylbenzene 
35 (881 mg, 1.447 mM) and methyl 1-imino-2-m*chloroethyl-0-a-D-2 , ,3 , ,4-triacetylglucopyranosiduronate (1.01 
g, 2.11 mM) were dissolved in dichloromethane (5 ml). Boron trifluoride ether complex (0.25 ml, 1 .95 mM) was 
added with stirring under ice-cooling, and the mixture was allowed to react at room temperature for 2 days. 
The reaction mixture was poured into ice-cooled water (20 ml) and extracted with dichloromethane (10 ml) 
twice. The extract was subjected to column chromatography on silica gel and eluted with hexane/ethyl acetate 
(4:1) to obtain a pale yellow waxy material (636 mg). The material (610 mg) was dissolved in tetrahydrofuran 
(10 ml), and a solution of tetra-n-butylammonium fluoride trihydrate (0.26 g, 0.82 mM) in tetrahydrofuran (3 ml) 
was added. The mixture was allowed to react for 15 minutes. Methanol (15 ml) and 2N sodium hydroxide sol- 
ution (2.5 ml) were added, and the mixture was stirred for additional 2 hours at room temperature. The reaction 
mixture was adjusted to pH 4.5 with 6N hydrochloric acid followed by adjustment to pH 8.5 with sodium bicar- 
bonate, and the solvent was distilled off by concentration under reduced pressure. The concentrate was sub- 
jected to Sephadex (trade mark) LH-20 column chromatography and eluted with water. The desired fraction 
was lyophilized to obtain the desired compound as white powder (75 mg). 

mp: 204-205°C (dec.) 



50 


Elemental Analysis for 






C28H34O 10 Na2-5H 2 O 






Calcd.: 


C50.45; 


H, 6.65 


55 


Found : 


C.50.70; 


H, 6.63 



NMR (CD3OD) 8 (ppm): 1.10-2.25 (10H, m), 1.70 and 1 .78 (each 1.5H, s) 2.12 and 2.15 (each 1.5H, s), 
2.29 and 2.33 (each 1.5H, s), 3.01-3.61 (4H, m), 4.45 and 4.67 (each 0.5H, d, J=8Hz), 5.08 (1H, t, J=8Hz), 
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6.98-7.30 (5H, m). 

IR (KBr) v : 3400, 1610, 1560, 1410, 1060crrH. 

Example A-25 

5 

1 - Ace toxy-4- hyd roxy- 6- (6- m et h oxy cart^ 
4-tert-Butyldiphenylsilyloxy-1-hydroxy-6-(6-meth^ 
(22.2 g, 36.46 mM) was dissolved in dichloromethane (200 ml) and triethylamine (8.3 ml, 59.9 mM). Acetyl 
chloride (4.1 ml, 57.7 mM) was added under ice-cooling, and the mixture was stirred for 2 hours. The reaction 
w mixture was poured into ice-cooled water (1 00 ml) and stirred for 20 minutes. Then the organic layer was wash- 
ed with water, dried over anhydrous sodium sulfate and concentrated to obtain 1-acetoxy-4-tert-butyldiphe- 
nylsilyloxy-6-(6-methoxycarbonyl-1 -phenylhexyl^S.S-trimethyl benzene as a pale yellow oil. This oil was dis- 
solved in tetrahydrofuran (70 ml). 1M tetra-n-butylammonium fluoride trihydrate/tetrahydrofuran solution (73 
ml) was added, and the mixture was stirred at room temperature for 1 hour. The reaction mixture was poured 
15 into ice-cooled water (150 ml) and extracted with ethyl acetate (150 ml). The organic layer was washed with 
water followed by saturated brine and dried over anhydrous sodium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was recrystallized from hexane to obtain the desired compound as pale 
yellow prisms (9.03 g). 
mp: 146-148°C. 

20 Elemental Analysis for C 25 H320 5 



Calcd. : C f 72.79; H, 7.82 
Found : C72.80; H, 7.52 

NMR (CDCI 3 ) 5 (ppm): 1.15-2.10 (8H, m), 1 .94 (3H, s), 2.02 (3H, s), 2.17 (3H, s), 2.25 (3H, s), 2.28 (2H, 
t, J=8Hz), 3.66 (3H, s), 4.35 (1H, br.s), 4.62 (1H, br.s), 7.10-7.22 (5H, m). 
30 IR (KBr) v : 3480, 1750, 1740, 1210cm-i. 



Example A-26 

Monosodium 6-(6-carboxy-1 -phenyl hexyl)-1-hydroxy-2,3,5-trimethylphenyl-4-sulfate 
35 1-Acetoxy-4-hydroxy-6-(6-methoxycarbonyl-1-phenylhexyl)-2,3,5-trimethylbenzene (308 mg, 0.747 mM) 

and sulfur trioxide triethylamine complex (700 mg, 5.0 mM) were stirred in dimethylformamide (5 ml) at room 
temperature for 15 hours and then at 43°C for 5 hours. The reaction mixture was added to a mixture of 2N aqu- 
eous sodium hydroxide solution (10 ml) and methanol (20 ml) under ice-cooling, and the resulting mixture was 
stirred at room temperature for 4 hours. The reaction mixture was neutralized with 6N hydrochloric acid and 
40 concentrated to dryness. The residue was subjected to Sephadex (trade mark) LH-20 column chromatography 
and eluted with water. The desired fraction was concentrated and lyophilized to obtain the desired compound 
as white powder (284 mg). 
mp: 160-164°C. 

Elemental Analysis for C 22 H 27°7 SNa * 3 • 3H 2° 



Calcd.: C,51.02; H, 6.54 
Found : 0,51.04; H, 6.28 



NMR (CD3OD) 8 (ppm): 1.15-2.30 (10H, m), 2.09 (3H, s), 2.28 (3H, s), 2.59 (3H, s), 4.54 (1 H, br.s), 7.02- 
7.29 (5H, m). 

IR (KBr) v : 3500, 1560, 1410, 1230cm- 1 . 
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Example A-27 



Disodium 6-(6-carboxy-1-phenylhexyt)-1-hydroxy-2,3,5-trimethylphenyl-4-0-p-D-glucopyranosiduron- 

26 




ate 

l-Acetoxy^hydroxy-S-te-methoxycarbonyl-l-phenyihexyl^.S.S-trimethylbenzene (300 mg, 0.727 mM) 
and methyl 1-imino-2-trichloroethyl-0-a-[>2\3\4^ (600 mg, 1.25 mM) were 

dissolved in dichloromethane (5 ml). Boron trif luoride ether complex (0.12 ml, 0.96 mM) was added with stirring 
under ice-cooling, and the mixture was allowed to react for 5 hours. The reaction mixture was poured into ice- 
cooled water (30 ml) and extracted with ethyl acetate (30 ml). The extract was concentrated and dissolved in 
methanol (30 ml). 1N sodium hydroxide solution (7 ml) was added with stirring under ice-cooling, and the mix- 
ture was allowed to react at room temperature for 2 hours. The reaction mixture was adjusted to pH 6 with 6N 
hydrochloric acid followed by adjustement to pH 7.9 with sodium bicarbonate and concentrated. The concen- 
trate was subjected to Sephadex (trade mark) LH-20 column chromatography eluting with water and lyophilized 
to obtain the desired compound as colorless powder (210 mg). 
mp: 215-220°C. 



Elemental Analysis for 




C 28 H34O 10 Na r 4H 2 O 




Calcd.: 


C51.85; 


H, 6.53 


Found : 


C.52.03; 


H, 6.69 



NMR (CD 3 OD) 6 (ppm); 1.20-2.30 (10H, m), 2.07 (3H, s), 2.26 (6H, s), 3.38-3.61 (4H, m), 4.53 (1H, d, 
J=7Hz), 7.01-7.28 (5H, m). 

IR (KBr) v : 3430, 1610, 1560, 1410crrH. 



Claims 

A hydroquinone derivative of the formula (I): 

OA 

r yY Hi en 

0B X 

wherein R 1 and R 2 are the same or different and are methyl or methoxy, or R 1 and R 2 are joined together 
to form the group of the formula: -CH=CH-CH=CH-; one of A and B is optionally substituted alkyl, acyl, 
alkoxycarbonyl, optionally O-acylated and/or optionally esterified glycosyl, sulfo or phosphono, and the 
other is hydrogen; X is hydrogen, aryl or heterocyclic group; R is saturated or unsaturated bivalent straight- 
chain hydrocarbon group having 1 to 20 carbon atoms or a chemical bond, provided that, when X is hy- 
drogen, R is a saturated or unsaturated bivalent straight-chain hydrocarbon group having 1 to 20 carbon 
atoms; and Y is hydrogen, optionally esterified or optionally amidated carboxyl or optionally substituted 
hydroxymethyl, provided that, when X is hydrogen and one of A and B is sulfo, Y is hydrogen and, when 
X is hydrogen and one of A and B is optionaly O-acylated and/or optionally esterified glycosyl, Y is hydro- 
gen or optionally substituted hydroxymethyl; or a pharmaceutical^ acceptable salt thereof. 

A hydroquinone derivative according to claim 1 , wherein both R 1 and R 2 are methyl or both are methoxy, 
or a pharmaceutical^ acceptable salt thereof. 

A hydroquinone derivative according to claim 1, wherein one of A and B is phosphono, acyl, sulfo or op- 
tionally O-acylated and/or optionally esterified glycosyl, or a pharmaceutical^ acceptable salt thereof. 

A hydroquinone derivative according to claim 1, wherein X is hydrogen or optionally substituted phenyl, 
or a pharmaceutical^ acceptable salts thereof. 

A hydroquinone derivative according to claim 1, wherein R is a saturated or unsaturated bivalent straight- 
chain hydrocarbon group having 5 to 8 carbon atoms, or a pharmaceutical^ acceptable salt thereof. 
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6. A hydroquinone derivative according to claim 1, wherein Y is hydroxymethyl or optionally esterif ied or op- 
tionally amidated carboxyi, or a pharmaceutical^ acceptable salt thereof. 

7. A hydroquinone derivative according to claim 1, wherein both R 1 and R 2 are methyl, X is phenyl and Y is 
optionally esterif ied or optionally amidated carboxyi, or a pharmaceutical^ acceptable salt thereof. 

8. A hydroquinone derivative according to claim 7, wherein Y is carboxyi, or a pharmaceutical^ acceptable 
salt thereof. 

9. A hydroquinone derivative according to claim 1, wherein both R 1 and R 2 are methoxy, X is hydrogen and 
Y is optionally substituted hydroxymethyl, or a pharmaceutical^ acceptable salt thereof. 

10. A hydroquinone derivative according to claim 9, wherein Y is hydroxymethyl, or a pharmaceutical^ ac- 
ceptable salt thereof. 

11. A hydroquinone derivative according to daim 1 which is 2,3-dimethoxy-4-hydroxy-6-(10-hydroxydecyl)- 
5-methylphenyl-1 -phosphate, or a pharmaceutical^ acceptable salt thereof. 

12. A hydroquinone derivative according to claim 1 which is 2,3-dimethoxy-4-hydroxy-6-(10-hydroxydecyl)- 
5-methylphenyl-4-phosphate, or a pharmaceutical^ acceptable salt thereof. 

13. A hydroquinone derivative according to claim 1 which is 2,3-dimethoxy-4-hydroxy-6-(10-hydroxydecyl)- 
5-methyl-1-(N-methyl-1,4-dihydropyridin-3-ylcarbonyloxy)benzene, or a pharmaceutical ly acceptable 



14. A hydroquinone derivative according to claim 1 which is 6-(6-carboxy-1 -phenyl hexyl)-4-hydroxy-2,3,5-tri- 
methylphenyl-1-O-p-D-glucopyranosiduronate, or a p harmaceutica II y acceptable salt thereof. 

15. A hydroquinone derivative according to claim 1 which is 6-(6-carboxy- 1- phenyl hexyi>-1 -hydroxy-2, 3,5-tri- 
methylphenyl-4-sulfate, or a pharmaceutical^ acceptable salt thereof. 

16. A hydroquinone derivative according to claim 1 which is 6-(6-carboxy-1 -phenyl hexyl)-1 -hydroxy-2, 3,5-tri- 
methylphenyl-4-O-p-D-glucopyranosiduronate, or a pharmaceutical^ acceptable salt thereof. 

17. A compound of the formula (II) 



wherein R 1 and R 2 are the same or different and are hydrogen, methyl or methoxy, or R 1 and R 2 are joined 
together to form the group of the formula: -CH=CH-CH=CH-; R 3 is hydrogen or a protecting group other 
than silyl; X is hydrogen, aryl or heterocyclic group; R is a saturated or unsaturated bivalent straight-chain 
hydrocarbon group having 1 to 20 carbon atoms or a chemical bond; Y is hydrogen, optionally substituted 
hydroxymethyl or optionally esterif ied or optionally amidated carboxyi; Ph is phenyl; t-Bu is tert-butyl. 

18. A compound according to claim 17, wherein R 1 and R 2 are independently methyl or methoxy. 

19. A compound according to claim 17, wherein X is hydrogen or optionally substituted phenyl. 

20. A compound according to claim 17, wherein R is saturated or unsaturated bivalent straight-chain hydro- 
carbon group having 5 to 8 carton atoms. 

21. A compound according to claim 1 7, wherein Y is hydroxymethyl, or optionally esterif ied or optionally ami- 
dated carboxyi. 

22. A compound according to claim 17, wherein both R 1 and R 2 are methyl, X is phenyl, Y is optionally es- 



salt thereof. 




0Si(Ph) 2 (t-Bu) 
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terified or optionally amidated carboxyi. 

23. A compound according to claim 17 which is 6-(10-acetoxydecyl)-4-tert-butyldiphenylsilyloxy-2,3-dime- 
t hoxy-5-met hyl p henol . 

24. A compound according to claim 17 which is 4-tert-butyldiphenylsilyloxy-2,3-dimethoxy-5-methyl-6-(10- 
trityloxydecyl)phenol. 

25. Acompound according to claim 17 which is4-tert-butyldiphenylsilyloxy-1-hydroxy-6-(6-methoxycarbonyl- 
1-phenylhexyl)-2,3 ? 5-trimethyl benzene. 
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